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ENVIRONMENTAL  NOISE  IMPACT 
ANALYSIS  FOR  ARMY  MILITARY 
ACTIVITIES: 

USER  MANUAL 


1 INTRODUCTION 
Objective 

The  objective  of  this  manual  is  to  provide 
quantitative  procedures  for  evaluating  the 
environmental  noise  impact  from  Army  activities. 
This  evaluation  will  be  used  in  the  preparation  of 
Environmental  Impact  Assessments/Statements 
(ElAs/ElSs)  in  accordance  with  the  eight-point 
guidelines  established  by  the  Council  on  Environ- 
mental Quality  (CEQ)'  and  AR  200-1.'  This  manual 
presents  a systematic  approach  based  on  the  philos- 
ophy that  noise  descriptors,  measurement  and  pre- 
diction methods,  and  evaluation  criteria  should  be 
as  uniform  and  simple  as  possible.  It  is  designed  for 
use  with  the  CERL  developed  computer  systems  to 
provide  an  integrated  approach  to  environmental 
impact  assessment. 

It  must  be  stated  that  the  extent  to  which  this 
manual  can  be  used  depends  on  numerous  factors — 
technical  background  of  the  user,  time  and  funds 
available  for  the  analysis,  and  complexity  of  the  pro- 
ject being  assessed.  Some  Army  personnel  can  use  its 
step-by-step  procedures  to  draft  the  actual  assess- 
ment, while  other  non-technical  personnel  can  use 
guidelines  to  determine  which  aspects  of  the  assess- 
ment can  be  performed  in-house  and  which  aspects 
require  outside  assistance.  In  the  case  of  outside 
work,  by  using  this  manual,  the  exact  work  required 
can  be  specified,  thus  making  contracts  more  eco- 
nomical and  the  results  more  productive. 

The  interpretation  of  environmental  impact  with 
respect  to  specific  noise  levels  that  are  contained  in 
this  manual  Joes  not  represent  official  DA  policy.  As 
a result,  all  noise-relevant  EISs  should  he  coordi- 
nated with  the  user's  major  command  and  the  De- 
partment of  the  A rmy  Environmental  Office. 


'■■Pri-piiriilion  of  Knvironmcnlal  Impaci  Stalcnu-nls:  Guiifc 
lines.  " t’l'diTiil  Rfgisri'r.  Vol  .W.  No.  147.  Pari  II  (Au)iusl  I.  I‘li,l). 
pp  20,S,S0.2(1.V)2. 

'AR  200- 1 . f^ntinmmrnlul  Priiipclion  and  Enhancemem  (Dc 
partnienl  of  the  Army.  28  December  I97h). 


FRSCKDim  page  BLAMC-NOT  PIIMSD 


Background 

Legislative  Requirements 

The  National  Environmental  Policy  Act  tNEI’A- 
PL  91 -190).  passed  in  l%9.  requires  Kederal  agen- 
cies, before  beginning  a major  project  or  activity,  to 
prepare  an  EIA  to  determine  how  the  quality  of  the 
human  environment  might  be  alTecled.  If  the  envi- 
ronmental effects  are  cither  significant  or  environ- 
mentally controversial.  NEPA  requires  a more  de- 
tailed analysis  of  the  activity,  its  etfects.  and  possible 
alternatives,  in  the  form  of  an  EIS. 

As  a re.sull  of  NEPA.  the  Department  of  the  Army 
(DA)  established  its  own  environmental  program, 
with  detailed  guidance  rontaiiic'd  in  DA  AR  2{X)-I. 
“Environmental  Protection  and  Enhancement." 

In  addition  to  DA.  many  other  Kederal.  state,  and 
local  agencies  adopted  environmental  programs  in 
the  form  of  legislation,  assessment  requirements, 
and  EIA/EIS  review  priK-cdurcs.  Since  solid  waste, 
air,  and  water  pollution  have  long  been  recognized 
as  serious  forms  of  pollution,  they  were  the  major 
concern  of  many  of  these  actions;  however,  environ- 
mental noise  has  recently  been  addressed  specifically 
as  a pollutant  in  many  of  these  programs  and  direc- 
tives. 

Presently,  19  states  and  the  District  of  Columbia 
have  noise  impact  requirements.  In  addition,  many 
city  and  county  governmental  units  (approximately 
30  percent  of  cities  with  populations  greater  than 
10, OCX))  have  instituted  environmcnlal  review-  pnKC- 
durcs  for  both  public  and  private  projects. 

While  the  clearing  house  or  coordinator  for  Fed- 
eral noise  programs  is  the  Environmental  Protection 
Agency’s  Office  of  Noise  Abaicmenl  and  C'onirol, 
other  Federal  agencies  have  expertise  in  noise  pollu- 
tion and  legal  authority  to  comment  on  and  review 
impact  statements.  These  include: 

1.  Department  of  Commerce- Nalituial  Hiireau  ol 
Standards 

2.  Department  of  Health,  Education,  and  Wel- 
fare 

3.  Department  of  Housing  and  Urban  Devch'p- 
ment 

4.  Department  olT.abor 
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5.  Department  of  Transportation 

6.  National  Aeronautics  and  Space  Administra- 
tion. 

AsscMnicni  CluUIvliiies 

The  Council  on  Environmental  Quality  (CEQ)  was 
established  by  NEPA  and  given  the  responsibility  of 
monitoring  the  nation's  environment,  developing 
new  environmental  enhancement  policies,  and  co- 
ordinating Federal  environmental  efforts.  In  fulfill- 
ing these  responsibilities,  CEQ  has  issued  guidelines 
outlining  the  following  eight  essential  points  to  be 
covered  within  an  EIS;' 

1.  A description  of  the  proposed  action,  a state- 
ment of  its  purpose,  and  a description  of  the  proj- 
ject’s  environmental  setting. 

2.  The  relationship  of  the  proposed  action  to 
land- use  plans,  policies,  and  controls  for  the  affected 
area. 

3.  The  probable  impact  of  the  proposed  action  on 
the  environment. 

4.  Alternatives  to  the  proposed  action. 

5.  Any  probable  adverse  environmental  effects 
that  cannot  be  avoided  and  how  avoidable  impacts 
will  be  mitigated. 

6.  The  relationship  between  local  sbort-term  uses 
of  the  environment  and  the  maintenance  and  en- 
hancement of  long-term  productivity. 

7.  Any  irreversible  and  irretrievable  commitments 
of  resources  (both  natural  and  cultural). 

8.  An  indication  of  what  other  interests  and  con- 
siderations of  Federal  policy  are  thought  to  offset  the 
adverse  environmental  effects  identified. 

Although  these  guidelines  were  specifically  de- 
signed for  the  EIS,  most  of  these  elements  should  be 
discussed  in  EIAs,  but  in  less  detail.  For  example, 
consider  Step  4.  If  an  EIA  indicates  that  the  pre- 


'"I’reparalion  of  Knvironmciil.il  Impact  .Slalcmcnis:  CJuidc- 
lines."  h'thral  Ki'nixlir.  Vol  .18.  No.  147.  Part  II  IAurusI  I,  l<>7.1). 
pp  2O.S.SO-20.Sft2. 


I'crred  course  of  action  results  in  no  significant  im- 
pact and  is  not  environmenlally  controversial,  there 
is  no  need  to  examine  other  alternatives.  In  any 
event,  these  guidelines  will  Ih*  use<f  by  this  manual  us 
the  basis  liir  the  noise  ElA  'IilS.  DA  I’AM  2<KM‘ 
provides  s|)ecific  guidance  with  regard  to  DA 
actions. 

Use  of  the  Environmental  Impact 
Computer  System  (EICS) 

In  specific  response  to  all  these  directives  and 
legal  requirements,  the  EICS  was  developed  by  the 
U.S.  Army  Construction  Engineering  Research  Lab- 
oratory (CERL)  to  help  identify  potential  environ- 
mental impacts  of  major  Army  projects  or  programs. 
Army  military  programs  are  grouped  into  nine  func- 
tional areas  and  are  then  related  to  environmental 
attributes  to  determine  possible  impact.  Environ- 
mental attributes  are  grouped  into  13  technical  spe- 
cialties; Ecology;  Health  Science:  Air  Quality;  Sur 
lace  Water;  Groundwater;  SiKiology;  Economics; 
Earth  Science:  Land  Use;  Noise;  Transportation; 
Aesthetics;  and  Energy  and  Resource  Conservation. 

The  specific  attributes  related  to  noise  are  human 
health,  physiological  maintenance,  sleep  perform- 
ance. aural  communication,  television/ radio  com- 
munication, annoyance/disruption  of  task  perform- 
ance, and  land-use  incompatibility  and  integrity. 
Controversial  attributes  include  disruption  of 
human  activity,  and  property  value  depreciation.’ 

Figure  1 is  an  example  of  information  provided  by 
the  EICS  for  analyzing  possible  noise  impact  from  a 
proposed  activity.  This  output  is  based  on  answers  to 
sets  of  input  questions  found  in  various  Army  func- 
tion-oriented user’s  manuals.*  ’ The  A.  B,  C 
scores  (defined  below)  in  the  matrix  indicate  how  the 
activities  will  impact  the  attributes. 


‘Humihixik  liir  Knvininmi’iiiul  IniiHici  Aiialy\ts.  t‘an\phlvl  No. 
200-1  (t)eparlmi'nl  ol  lhc  Army.  April  I4'.S). 

'These  ealemiriev  were  designed  in  meet  requirements  lisiist  in 
"Preparation  of  Knvironmenlal  Impae'  Sialemenls:  Guidelines." 
Frtlerul  Hegisler.  Vol  .18.  No.  147.  Part  11  (August  1 1471), 

pp  20.S.S0.20,S»)2. 

“L.  V.  Urban,  H.  K.  Balbaeh,  R.  K.  Jain.  K.  W.  Novak,  and 
R.  E.  Riggins.  Cumpuh'r-AiJrtl  h'minmnuniul  ImiHii  i Analysis 
liir  Constniflnm  Actiyilws  Vsir  Manual.  leelinieal  Report 
K-50/ ADA(X)8488  (U.S.  Army  Construetion  Engtneering  Re- 
search l.ahoralory  |C  KRL|.  March  147,8). 

■R.  E.  Riggins  and  E.  W.  Novak.  Compuirr-AnlrJ  Envinm- 
mantal  tmpail  Analysis  lor  Mission  Changr.  Ops'ralions  anil 
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c 

3K  Since  the  Matrix  Provides  Only  Activity  and 

Attribute  Numbers,  Separote  Lists  of  the  Corresponding 
Nomes  Are  Also  Provided  to  the  User. 


A — Definitely  consider  this  attribute  as  being  po- 
tentially impacted  by  the  activity  in  almost  all  cases. 

B — Possible  effect  in  many  cases;  requires  con- 
sideration. 


Maintenance,  and  Training  Activities:  User  Manual,  Technical 
Report  E-85/ADA022698(CERL.  February  1976). 

•E.  W Novak.  S.  E.  Thomas.  R.  A.  Mitchell,  and  R.  E. 
Riggins.  Computer-Aided  Environmental  Impact  Analysis  for 
Industrial.  Procurement  and  RDTSE  Activities:  User  Manual, 
Draft  Technical  Report  (CERU. 

^Environmental  Impact  Computer  System  Attribute  Descrip- 
tor Package  Reference  Document.  Technical  Report  E-86/ 
ADA024.WJ(CERL,  April  1976). 


Fignic  1.  Example  of  EICS  output. 

ite  as  being  po-  C — Impacts  may  (Kcur  in  special  cases. 


Blank  — Without  knowing  further  project  details, 
it  is  not  possible  to  predict  the  likelihcwxl  of  impact. 

Use  of  the  EICS  involves  a detailed  analysis  of  this 
matrix  output.  If  preliminary  analysis  shows  that  a 
significant  noise  problem  does  not  exist,  then  elTorts 
may  be  concentrated  in  other  environmental  areas; 
however,  if  the  noise  matrix  reveals  serious  problems 
(existing  or  potential),  this  manual  should  be  used  to 
quantify  the  degree  of  impact  on  public  health  and 
welfare.  Although  it  can  be  used  without  EICS.  this 
manual  has  been  designed  to  supplement  the  EICS 
analysis. 
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Outline  of  Report 


Tablet 


The  guidelines  in  this  manual  are  designed  to  pro- 
duce an  EIA'EIS  in  the  format  of  Table  I.  While 
some  of  the  CEO  guideline  points  are  so  general  that 
they  can  be  answered  in  a few  paragraphs,  many  re- 
quire use  of  the  tables  and  figures  contained  in  this 
manual.  Although  different  projects  may  vary  in 
amount  of  detail,  the  basic  EIA/EIS  structure  re- 
mains the  same.  To  guide  the  user  through  such  a 
statement,  the  manual  has  been  organized  as  fol- 
lows. 

Chapter  2 describes  the  noise  assessment  tech- 
nique by  comparing  noise  contours  with  land-use 
maps,  and  quantifies  the  noise  impact  through  var- 
ious single-number  descriptors.  Chapter  3 describes 
the  development  of  noise  contours  and  land-use 
maps.  Chapter  4 lists  noise  mitigation  methods,  and 
Chapter  5 summarizes  information  needed  to  write 
the  noise  analysis  for  an  EIA/EIS  according  to  the 
eight  steps  of  the  CEO  guidelines.  The  six  appendi- 
ces provide  definitional  information  and  information 
on  noise  characteristics,  and  on  predicting,  measur- 
ing, and  assessing  noise  impacts. 

Mode  of  Technology  Transfer 

It  is  anticipated  that  this  manual  will  become  a 
DA  Pamphlet  issued  by  the  Office  of  the  Chief  of 
Engineers.  Additional  technology  transfer  will  be 
through  field  tests,  reports,  and  the  Army  Training 
l.iteratiire  Program. 

2 NOISE  ASSESSMENT  GUIDELINES 

The  intent  of  a section  addressing  noise  in  an  El  A 
or  EIS  is  to  describe,  as  a re'^ult  of  some  action,  any 
chan';e  in  the  noise  environment  and  its  associated 
implications  on  the  human  environment.  Examples 
of  actions  are  heavy  artillery  training,  use  of  a new 
piece  of  machinery,  enlargement  or  reduction  of  an 
existing  facility,  or  an  effort  to  reduce  noise  at  a 
facility.  Any  proposed  action  that  will  significantly 
change  either  the  amount  of  noise  generated  or  the 
number  of  people  exposed  to  an  existing  or  new 
noise  requires  an  EIA/EIS  on  noise.  While  the  EICS 
analysis  (Figure  I)  initially  predicts  that  an  impact 
may  exist,  this  chapter  presents  guidelines  to  quan- 
tify this  impact  and  to  put  the  result  in  a format  suit- 
able for  an  EIA'EIS  in  accordance  with  Table  I. 
Five  specific  steps  are  detailed; 


Sumn»i7  of  RccommcndMl  Infomullon 
to  B«  Included  In  EIA/EIS  (1) 


CEQ 

GukMfaic 

Point 

Summary  Information 
to  be  Supplied 

In  Main  Text 

Data  Sourrex 
to  be  Supplied 

In  Appendix  to 
EIA/EIS* 

1 

Describe  project  in  terms  of 
major  sources,  their  loca- 
tions. and  their  emissions 

Fig.  5-9. 1 1 

Describe  existing  environ- 
ment in  terms  of  noise  levels 
and  land  uses  (supply  con- 
tour maps) 

Tables  .1.  .5.  b.  U 

2 

Identify  possible  aa'as  ot 
conflict  with  current  and 
proposed  land  uses 

Fig.  I.2..1.  10 

List  planned  steps  to  reduce 
impact 

Table  1 5 

3 

Describe  and  quantify  prob- 
able noise  impact  of  pnv 
piKed  action 

Fig.  2.  10.  12 
fables  3.  b.  C'2.  C .1 

4 

Describe  and  quantify  prob- 
able noise  impact  of  alterna- 
tive actions 

Same  as  in  points  1 
to  3 

5 

Quantify  impact  after  mitiga- 
tion techniques  have  been 
applied 

Fig.  2.  10.  12 

Tables  .f.b.  I5.C2.C; 

f) 

Compare  positive,  short  term 
effects  with  detrimental,  long- 
term effects 

Com  pan*  pmitive  long-term 
effects  with  detrimental  sh«»ri- 
term  effects 

7 

Oscrihe  cultural  and  natu- 
ral areas  that  will  be  perma- 
nently impacted  by  the  action 

Fig.  2 
fables  3.  b 

H 

Use  nA-PAM-2(X)-l  tosalisfv 
this  requirement 

•Data  sources  should  be  rclercnccd  in  main  IcxI  and  then 
appended.  In  addition,  the  appendix  should  contain  a description 
ol'all  nielhcxiologics  used  to  obtain  data. 

1 . Description  of  project 

2.  Preliminary  screening 

3.  Noise  environment  documentation  (NED) 

4.  Quantification  of  noise  impact 

5.  Miscellaneous  assessments. 


I 

r 
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Table  2 summarizes  the  noise  descriptions  used. 
Although  both  noise  and  vibration  are  listed,  noise 
will  be  emphasized  in  this  chapter;  vibration  will  be 
discussed  in  Appendix  F. 

Description  of  Project 

Any  complete  assessment  must  describe  the  pro- 
posed activities,  and  provide  details  about  possible 
changes  (either  adverse  or  beneficial)  in  the  noise 
environment.  This  description  can  be  obtained  with 
the  following  steps: 

1.  Classify  all  land  within  the  area  of  interest  into 
the  following  use  categories: 

a.  Industrial/commercial 

b.  Residential 

c.  Special  — schools,  hospitals,  churches,  parks, 
etc. 

2.  Plot  the  land-.'ise  data  on  an  appropriately 
scaled  map  (details  are  discussed  in  Chapter  3). 
Select  acoustic  criteria  from  tables  and  figures  in 
Appendix  C. 

3.  Generate  day-night  average  sound  level  (La,) 
contours  for  each  source. 

4.  Overlay  a transparent  sheet  on  the  land-use 
map.  locate  each  noise  source  and  plot  its  contours 
using  the  same  scale  as  the  land-use  map.  The  con- 
tours should  begin  at  the  nearest  residence,  school, 
hospital,  or  other  noise-sensitive  area  and  extend 
outward  in  5-dB  zones  until  the  lower  value  of  the 
following  is  achieved:  L«„  of  55  dB.  or  value  20  dB 
lower  than  initial  contour.  (The  detailed  develop- 
ment of  noise  contours  is  discussed  in  Chapter  3.) 

5.  Combine  the  noise  contours  for  the  different 
sources  to  obtain  a composite  noise  contour.  Identify 
impacted  areas  as  illustrated  in  Figure  2. 

Determining  Whether  a Noise 
Impact  Exists’’ 

When  the  land-use  maps  and  noise  contours  have 
been  prepared,  the  flowchart  in  Figure  3 can  be  used 
to  find  the  itiilial  likelih(H>d  o f impact.  Figure  3 has 


'“Guidelines  for  Preparing  Environmental  Impact  Statements 
on  Soise,  Draft  Report  of  CHABA  Working  Group  Number  6** 
(Committees  on  Hearing  and  Bioacoustics.  February  l<)77). 


Table  2 

Summary  of  Nobc  Impact  Analyab 


Type  of 
EnvIronmonI 

Typo  of  CillerU 

Rarommaaded 

Maaauro 

General  Aiutiblr 
Ndisc 

Hearing  U>ss 
Boieniial 

L. 

Health  & Welfare 
KITeels  on  People 

1^. 

Environmental 
Dcgradation/Ettects 
on  Structures  and 
Animals 

U 

Hi^h  Amplitude 
Impulsive  Noise- 
Blasts,  Artillery 

Struetural  Damage 

Peak  Pressure/ 

Peak  Acceleration 

Annoyance 

C-weighled  U. 

Vibration 

Structural  Damage 

Peak  Acceleration 

Annoyance  and 
Complaints 

RMS  Aeeeleration 

two  principal  branches;  each  contains  a scries  of  exit 
points  where  the  analysis  can  stop  when  it  is  de- 
termined that  there  is  no  impact.  The  goal  is  to  find 
an  exit  from  each  branch  as  soon  as  possible  and 
minimize  the  amount  of  analysis.  Four  columns  at 
the  right  edge  of  the  flowchart  indicate  the  results 
for  each  branch  and  summarize  the  noise  impact 
analysis  for  the  entire  project.  The  discussion  below 
clarifies  the  flowchart  and  the  nature  of  the  EIS. 

The  first  branch  point  occurs  in  determining  the 
potential  noise  impact.  Branch  A should  be  followed 
if  the  project  will  affect  the  present  noise  level. 
Branch  C should  be  followed  if  the  project  will  cause 
vibration  in  buildings.  If  the  project  docs  not  create 
any  impact,  the  analysis  for  that  branch  is  complete. 
The  "no  = out"  route  is  followed  and  a check  mark  is 
placed  in  the  column  labeled  "No  Environmental 
Change."  Otherwise,  the  analysis  continues. 

Even  if  there  is  a change  expected  in  the  noise  en- 
vironment. the  project’s  Ux'ation  or  mode  could  be 
such  that  no  noise-sensitive  elements  are  impacted. 
This  accounts  for  a second  set  of  exit  points  in 
branches  A and  C. 

If  there  is  no  exposure  of  wildlife  (point  A.II. 
monuments  or  structures  (points  A. 2 and  C.2).  de- 
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STEP  A-  MAP  LAND  USES 


STEP  B- SELECT  ACOUSTIC  CRITERIA: 

(RESIDENTIAL  SHOULD  NOT  EXCEED  YdB) 
(COMMERCIAL  SHOULD  NOT  EXCEED  XdB) 

STEP  C-DRAW  NOISE  CONTOURS  FOR  EACH  SOURCE 


lest  than  YdB 


STEP  D- IDENTIFY  CONFLICTS  BY  OVERLAPPING  LAND  USE 
AND  CONTOUR  MAPS 


Residential  In  Zone  > y dB 


Residential  In  Zone  Between  x and  y dB 


Commercial  In  Zone  >y  dB 


Figure  2.  Identifying  noise-impacted  areas. 


L 


M’lopablc  or  sensitive  landt'orms  (point  A. 3).  or 
|H‘ople  (points  A. 4 and  C.  1),  the  noise  analysis  stops 
at  eaeh  of  these  points,  and  the  eorresponding  boxes 
are  eheeked  in  the  eolunin,  “No  Sensitive  Hlenicnts 
hxposed."  It  all  six  sueh  boxes  are  checked,  thv 
nuisv  u)iiily.\i.\  i.\  contpicif.  and  a statement  to  this  et- 
teet  IS  included  in  the  KIA'HIS.  The  information 
sup|)ortin>>  this  decision  should  also  be  included. 
Wherever  an  exit  point  has  not  been  found,  the 
analysis  must  be  continued  to  provide  a full  Noise 
Knvironment  DiKumentation  (NED). 

The  NED  determines  the  Jcurcv  of  impact  for 
each  branch  of  the  llowehart.  If.  after  the  NED. 
there  is  still  no  impact,  the  appropriate  “out"  boxes 
are  eheeked  at  the  right  of  the  worksheet.  If  an  im- 
pact is  found  on  any  branch,  a statement  must  be 
made  about  it  in  the  EIA'EIS.  Where  the  noise  im- 
pact is  significant,  the  alternative  schemes  must  be 
investigated  to  reduce  the  degree  of  noise  impact  if 
possible.  Each  alternative  will  form  the  basis  of  a 
new  flowchart  worksheet,  a new  NED.  and  a new 
statement  of  noi.se  impact.  In  efl'ect,  this  require- 
ment amounts  to  a “feedback  loop.”  connecting  the 
end  of  the  flowchart  priKcdure  with  the  beginning. 
Thus,  there  will  be  a flowchart  for  each  alternative; 
comparing  the  alternatives  will  facilitate  chixising 
the  project  which  will  least  affect  the  noise  environ- 
ment. 

Noise  Environment  Documentation  (NED)" 

As  a minimum  for  the  NED.  the  information  out- 
lined in  Table  3 should  be  completed  for  the  follow- 
ing three  noise  environments; 

1 . Project  sources  only 

2.  Existing  sources  without  the  project 

3.  Project  and  existing  sources  combined. 

The  table  should  contain  enough  L,  increments 
so  that  all  residential  populations,  industrial/com- 
mcrcial  land  uses,  and  special  situations  experienc- 
ing an  L,  above  55  dB  are  included.  In  addition,  in- 
crements below  an  U,,  of  55  dB  should  be  included 
to  insure  that  the  tables  cover  a 20-dB  range  below 
the  highest  U.  tn  which  a residential  area  is  exposed. 

"CuiJelines  frtr  Pn‘parinfi  t'nvinmmentul  Impact  Statrm%'nls 
an  Noise.  Draft  Report  of  CHABA  Wwking  Group  Number  6*) 
(Committees  on  Hearing  and  Bioacoustics.  February  1977). 


The  increments  should  not  extend  below  ar.  U,.  of 
.35  dB.  Special  situations  are  accounted  for  in  the 
last  column  of  Table  3.  • 

For  each  action,  a separate  set  of  tables  should  be 
prepared  for  (I)  the  first  year  of  the  project,  and 
(2)  the  worst  year.  In  many  cases,  only  one  table  will 
be  required  because  the  conditions  with  respect  to 
time  can  be  expected  to  remain  reasonably  constant, 
i.c..  the  will  change  less  than  2 dB.  Proixised 
population  changes  and  other  changes  to  more  sensi- 
tive land  uses  should  be  used  to  determine  worst- 
case  situations,  fable  4 provides  an  example  of  a 
completed  NED  analysis.  The  details  requiretl  to 
draw  contours  and  prepare  land-use  maps  are  con- 
tained in  Chapter  3,  along  with  specific  examples. 

NED  liir  Pnijfi'l  Sources  Only 

By  overlapping  noise  contours  onto  land-use  maps 
(Figure  2).  information  for  situation  (a)  of  fable  3 or 
4 can  be  compiled  directly  for  the  noise  environment 
of  the  project.  Population  estimates  may  be  taken 
directly  from  census  tract  data,  local  master  plans, 
or  by  counting  residential  units  identified  on  aerial 
photographs  of  the  area.  An  accuracy  within  ± 10 
percent  should  be  achieved. 

NED  for  Exislin);  Sources  Without 
Pniject 

When  the  existing  noise  environment  is  domi- 
nated by  major  noise  sources  for  which  there  are 
well-defined  predictive  models  (Appendix  D).  situ- 
ation (b)  of  Table  3 or  4 can  be  completed  by  plot- 
ting. combining,  and  overlapping  noise  contours 
onto  land-use  maps.  When  no  dominant  source  is 
present,  the  existing  environment  may  be  predicted 
on  the  basis  of  population  density  in  accordance  with 
the  values  listed  in  fable  5.  Interpolations  for  popu- 
lation densities  ranging  from  20  to  20.(KK)  persons 
per  square  mile  can  be  made  using  Eq  I . 

= 10  log  P + CdB  |Eq  1 1 

where  P = density  in  people  per  square  mile 
C = 22  dB  for  civilian  areas 
27  dB  for  military  areas. 


•The  .S.S-dB  level  is  not  lo  be  construed  «.s  ofTicuil  Army  policy. 
Because  il  is  only  the  recommendation  of  the  authors  and  subject 
lo  change,  final  interpretation  shmild  be  cwrdmaled  with  the 
user's  major  command  and  the  DA  Knvironmenlal  OITice. 


20 


Tabk3 


NED  WorkihMt 

(Fixun  Guidrlitti's  /r»r  /*n7Nin'«>f  f'nvinmnifiitiil  ImiHii'i  im  S^>i^r,  Dmll  Rc|H»rl  ol  CMABA  Wiirkiiig 

GnHipNumberMIC'timmilleeson  Hcarinnaml  Biiwooimio.  Fcbru«r> 


Indulilal/ 

Commercial  PI  Ketldrnllal  Special 

Rai^  la  Total  Land  Land  Area  Reeidenllal  Land  Area  SIluatlaae 
Sllaadon  U.  dB  Area  (km*)  |km')  Populalion  (km'l  (See  Table  6) 


(a) 

Project 

sources 

only  1 

>85 

85-80 

80-75 

75-70 

70-65 

65-60 

60-55 

Total* 

1.2..t.4 

.S.6.7.8 

V.IO 

(b) 

>70 

— 

Existing 

70-65 

5 

sources 

65-60 

6,7.<) 

without 

60-55 

1 

project 

55-50 

.1.8.<> 

Total* 

(c) 

>85 



Project 

85-80 

— 

and 

80-75 

— 

existing 

75-70 

— 

sources 

70-65 

I.2..1.4,5 

combined 

65-60 

6.7,8 

60-55 

9.10 

Total* 


*Natc  that  the  totals  for  situations  a.  h.  and  c arc  always  the  same. 


NED  for  Project  and  Exisliiif;  Sources 
Combined 

To  compile  situation  (c)  of  Table  3 or  4.  the  noise 
contours  from  the  proposed  activity  must  be  com- 
bined with  noise  levels  already  in  the  environment  as 
determined  in  the  last  section.  This  noise  composite 
can  then  be  overlapped  onto  the  land-use  maps  to 
obtain  the  desired  information. 

Special  Situation 

Table  6 defines  the  special  situations  in  Table  4.  It 
includes  the  recommended  criterion  for  each  special 
situation  as  well  as  the  number  of  exposed  people. 
These  populations  may  be  estimated  from  industrial, 
commercial,  or  public  facility  employee  statistics, 
and  from  student  enrollments.  The  effective  popu- 
lation (EN)  should  be  used  when  the  population  at  a 
location  does  not  remain  constant  on  a weekly  or 


monthly  basis  (i.e.,  churches,  parks,  anil  stadiums). 
EN  is  an  average  number  of  people  present  per  hour 
during  the  year. 

Quantification  of  Noise  impact’' 

The  impact  of  noise  on  people  is  the  degree  to 
which  it  interferes  with  normal  activities  (speech, 
sleep,  listening  to  TV.  etc.)  and  the  degree  to  which  it 
may  impair  health.  Since  this  impact  is  a function  of 
both  the  sound  level  and  population  sire,  one 
method  of  quantifying  it  is  to  tabulate  these  two 
numbers;  however,  since  sound  varies  with  distance 
from  its  source,  people  in  different  geographic  areas 
will  experience  different  sound  levels,  thus  making 
comparison  of  dilTercnt  projects  and  alternatives 
ditficult. 

'^Guidelines  far  Preparing  Envinmmental  Impact  Statements 
an  Naise,  Draft  Report  of  C'HABA  Working  Group  Number  69 
(Committees  on  Hearing  and  Bioacoustics.  Februan*  1977). 
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Tabk4 


Sample  NED  Data  Shacl 


Sltuadon 

Range  In 

U.  dB 

TolalUnd 

Aica(km'| 

Indittirlal/ 
Commcfclal 
Land  Area 
(km‘| 

PI 

Reeldenllal 

Popnlallon 

Rcaldcnilal 
Land  Area 

(km’l 

Special 
Slluadone 
(Sac  Table  6| 

(a) 

Project 

>85 

.8 

0 

0 

0 

— 

sources 

85-80 

2.0 

1.5 

100 

.5 

— 

only 

80-75 

5.0 

4.0 

4.50 

1.0 

— 

75-70 

13.0 

8.0 

4000 

4..50 

— 

70-65 

36.0 

20.0 

.30000 

16.0 

1. 2.3.4 

65-60 

100 

69.7 

40000 

30.0 

5.6.7.8 

60-55 

289 

246.0 

I00«) 

33.0 

9,10 

Total» 

445.8 

.349.2 

845.50 

85.0 

(b) 

Existing 

>70 

0 

0 

0 

0 

— 

sources 

70-65 

2 

2 

0 

0 

5 

without 

65-60 

82 

80 

10000 

2 

6.7.9 

project 

60-55 

284.8 

262.5 

35000 

20.8 

1 

55-50 

77 

14.7 

.395.50 

62.2 

.3.8.9 

Total* 

445.8 

.349.2 

845.50 

85.0 

(c) 

Project 

>85 

.8 

0 

0 

0 

— 

and 

85-80 

2.0 

1.5 

100 

.5 

— 

existing 

80-75 

5.0 

4.0 

4.50 

1.0 

— 

sources 

75-70 

17.0 

10.0 

4.500 

6.5 

— 

combined 

70-65 

40.0 

22.0 

.3.30(X) 

18.0 

I.2..3.4..5 

65-60 

105 

67.7 

42000 

.37.0 

6.7.8 

60-55 

276 

244 

4500 

22.0 

9,10 

Total* 

445.8 

349.2 

84550 

85.0 

*Note  that  the  totals  for  situations  a.  b.  and  c are  always  the  same. 


The  following  two  assumptions  enable  a single 
number  to  represent  the  integrated  effect  of  the  dif- 
ferent sound  levels  on  the  total  population  and  thus 
facilitate  the  comparison  process: 

1.  Intensity  of  human  response  (annoyance, 
speech  interference,  and  hearing  loss)  is  dependent 
on  average  sound  level. 

2.  The  impact  of  high  noise  levels  on  a small  num- 
ber of  people  is  equivalent  to  the  impact  of  lower 
noise  levels  on  a larger  number  of  people. 

Thus,  different  numerical  degrees  of  impact  can 
be  ascribed  to  different  segments  of  the  population, 
depending  on  the  average  sound  level  of  their  expo- 
sure. Their  product,  defined  as  “Fractional  Impact” 
can  be  summed  over  the  entire  population  to  provide 
the  single  number  descriptor: 


n 

EP=  E P.  W,  lEq21 

i = l 

where  EP  = equivalent  population  response  such  as 
LWP  & PHL  [these  will  be  detailed  in 
the  next  section] 

P.  = population  in  i'*  U,,  increment  [U,„,) 
n = number  of  increments 
W,  = response  criterion  for  U... 

The  noise  measure  no  longer  retains  its  identity  on  a 
decibel  scale  but  becomes  a population-weighted 
measure  of  the  severity  of  an  area  of  impact,  in  addi- 
tion, by  dividing  EP  by  the  total  population,  an  aver- 
age response  (EP)  to  the  action  can  be  determined: 

EP  = EP/Total  Population  [Eq  3) 

The  use  of  these  single  number  descriptors  is  ihe 
key  to  quantitative  impact  statements.  In  addition  to 
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Table  5 

U.  Levels  as  a Function  of  Population  Denilly 


(From  i)usttthuiutn  o/  thv  United  Slates  as  a hunt  iiiai 

of  Outi/fK>r  Noise  Levef.  EPA  550''9-74-(X>9  |U.S.  EnWnwimcntai 
Protection  Agency.  June  1974)  and  field  data  obtained  at  C'F'RL) 


Description 

PopnUtlon  Denalty 
(people  sq  mil 

U.  In  dB 

Civilian  Mlllla/y 
Areas  Areas 

Rural  (undeveloped) 
Rural  (partially 

20  and  under 

35 

developed) 

hO 

40 

Quiet  suburban 

2U) 

45 

50 

Normal  suburban 

b(X) 

50 

55 

Urban 

2000 

55 

(i0 

Noisy  urban 

hOOO 

hO 

b5 

Veiy  noisy  urban 

20001)  and  over 

b5 

to 

♦Direct  measurcmenrs  indicate  that  miliiary  areas  arc  inher- 
ently 5 dB  louder  than  comparable  civilian  areas.  This  is  perhaps 
caused  by  the  age  and  activities  of  the  inhabitants.  I his  dilTerence 
has  been  accounted  for  in  thi.s  table. 


supplementing  the  verbal  description,  these  descrip- 
tors can  be  powerful  decision-making  tools.  For  ex- 
ample. if  action  A impacts  100  equivalent  people 
and  its  alternative  B impacts  200  people,  then  from  a 
noise  standpoint,  action  A is  50  percent  less  intrusive 
and  hence  an  optimum  choice. 

Specific  examples  of  these  descriptors  are  detailed 
below.  In  each  case,  data  from  the  NED  analysis  in 
Table  4 is  used  in  the  computations. 

Sound  Level  Weighted  Population  (LWP)  is  a 
single-number  representation  of  the  noise  impact 
based  on  the  concept  that  some  annoyance  begins  at 
35  dB  values,  with  increasing  reaction  as  the  level 
intensifies.  The  equation  for  calculating  LWP  is: 

n 

LWP  = E P,  W,  [Eq4) 

i=0 

where  n = the  number  of  U,,  increments 

P,  = the  population  within  the  i'*  Ld,  incre- 
ment 

W,  = response  criterion  for  U,,,. 

The  average  annoyance  per  person.  LWP.  is  defined 
by; 


LWP  = LWP/Total  Population  (Eq  5] 


TabWA 

SptrUI  SIluaUoti  D«u  $!»*•< 

(From  (iKiJWmi't  /of  /’n'/xinfig  hnxtnmmtntai  /»N/iU(f  Stair 
ments  on  Smse  Draft  Hcp»>rf  of  CHABA  Wtirkiiig  (In»ip  Num- 
ber 69  [Committees  on  Hearing  and  Bioacoustn-s  ebruan 
I977|.* 


Type  of  Nobe 

Sensitive  FacUlly 

Effective 

Popalatk»* 

Day  Night 

Area 

(kn^l 

Criteria 

Uvel** 

1 Park  with  wildlife 

11 



05 

60 

2.  Hospital 

200 

200 

— 

.55 

3.  SchtH>i 

.S(»l 

ISO 

bO 

4.  OutdiHtr  stadium 

542 

— 

70 

5.  Hold 

200 

200 

bO 

6.  SchiHiW 

4(XH) 

1200 

— 

bO 

7.  SchtHi! 

-VK) 

150 

bO 

8.  Stadium 

12Kb 

— 

— 

70 

9.  Nursing  home 

10.  Park  with  picnic 

2(» 

200 

- 

55 

grounds 

14 



0.3 

60 

n 

♦Effective  Population  (F.N)  = L P. 

n 


where  n = number  of  hours  in  a year 

P.  = number  of  people  using  facility  during  the  i’*  hour. 
♦♦Criteria  levels  assume  average  acoustical  insulation  of  build- 
ing. Adjustments  can  be  made  for  inferior  or  superior  insulation. 


Table  7 gives  values  of  W,,  numerically  derived  from 
social  survey  data  relating  fraction  of  sampled  popu- 
lations expressing  a high  degree  of  annoyance  at 
various  Ld,  values. 

Example 

Quantify  the  impact  for  the  NED  analysis  in  Table 
4.  using  LWP.  Compare  the  following  situations; 

1 . Existing  sources  without  project. 

2.  Project  and  existing  sources  combined. 

Step  I.  Compute  LWP  and  LWP  for  situation  I 
using  the  following  format. 
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u,. 

Range 

Mid 

Point 

P 

Popuiadon 

w 

Wrighllnc 

IP  1 • |W  1 

>7(1 



0 

0 

05-70 

07.5 

0 

o.sw 

0 

00  05 

02  5 

lO.OlX) 

0.124 

.t,2'«0 

.5,5.00 

57,5 

t5.(*X) 

O.IHI 

o.t.ts 

50-55 

52  5 

w.5.50 

0.044 

.1.57.5..t2 

total 

Population:  H4.550 

vp  W 1.1. IS) 

- N 

LWP  = D P.W,  = 13.150  (Eq6l 

i = l 

LWP  = 13.150/84.550  = .155  [Eq7) 


Step  2.  Compute  LWP  and  LWP  for  situation  2 
using  the  format  below. 


U. 

Mid 

p. 

w. 

(P.)-(W,) 

Range 

Point 

Population 

Weighting 

>85 

— 

0 

2.. 105 

00 

80-85 

82.5 

too 

l.6>)5 

166 

75-80 

■'7.5 

450 

1.203 

.541 

70-75 

72.5 

4,500 

0.8.12 

.1.744 

65-70 

67.5 

.t.I.OOO 

0.5.18 

17.-'.54 

00-05 

62.5 

42.000 

0..124 

1,1.608 

55-00 

57.5 

4.500 

0.181 

814 

Total 

Population:  84.550 

i-P.W.  ,10.6.11 

N 

LWP 

= Z P.W.  = 

36631 

(Eqbl 

i = l 

LWP  : 

= ,36631/84550 

= .433 

(Eq7] 

Step  3.  Compare  results.  For  the  84.550  people  af- 
fected by  the  action,  the  number  of  equivalent  an- 
noyed people  increases  from  13.150  to  3b,631.  or  277 
percent,  as  a result  of  the  action.  The  average  annoy- 
ance per  person  (LWP)  increases  from  15.5  percent 
to  43.3  percent. 

Population  Weighted  Loss  of  Hearing  IPHL)  is  a 
single  number  representing  the  potential  loss  of 
hearing  expected  from  a population  experiencing 
Ui,  levels  in  excess  of  75  dB.  It  is  based  on  the  con- 
cept that  hearing  loss  begins  at  levels  of  75  dB 
and  increases  with  noise  intensity.  This  quantity  is 


TabkT 

W.  Vahw*  RfUUng  AnaciyuKv  to  C.  ValoM 

iFrinn  (tmJrbnei  tar  HirpanHg  f utininmriiiul  Impaii  Siuu^ 
mt'nii  tut  Smir.  Drxtl  Reporl  i>(  CHABA  Working  (iroup  Num 
her  h*!  Ilommillcm  on  Hr«nng  tml  BumuimivIicv.  kehruan 


L. 

W 

,15 

O.IXIt> 

.17.5 

1)1)10 

40 

0.01.1 

42.5 

0.021 

45 

0.026 

475 

0.045 

S) 

O.Olil 

52.5 

otw.t 

.55 

0.124 

57.5 

0.180 

60 

0,2.15 

62.5 

0..124 

65 

0412 

07.5 

0..5.18 

70 

0.604 

72.5 

0.8.12 

75 

1 (XXI 

77.5 

1,214 

80 

1.428 

82.5 

1 Od’ 

85 

1 %0 

87.5 

2.107 

W 

2.04'’ 

computed  \s 

N 

PHL  = i:  P,H,/P,  dB  person  (HqH) 
j=0 

where  N = number  of  U,.  increments 

P,  = population  within  the  j'*  Ur,  increment 
H,  = hearing  loss  weighting  function  for  Ui., 
(Table  8) 

Pr  = total  population  experiencing  Lw,  levels 
in  excess  of  75  dB. 

Example 


Using  PHL  and  the  format  below,  quantify  the  im- 
pact from  the  NED  analysis  in  Tabic  4.  Only  con- 
sider the  project  and  existing  sources  combined. 


U.* 

P, 

Popnlatlon 

H. 

Weighting 

P,  • H 

>8.1 

0 





81-82.6 

H) 

1,225 

01.25 

76-80,6 

200 

0.025 

1 25.0 

77.78,6 

200 

0.225 

45.0 

75-76.6 

100 

0.025 

2.5 

T otal 

1',:  5.S) 

— 

i;P.H,  2.1.1  ■’5 

•For  purposes  of  the  example.  2 dB  L,.  increments  were  formu- 
lated  from  Table  4. 
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TahkII 

Valim  of  H.  Vmiu  U,  Le«rl 

(From  GuiJehnei  for  Prr/uirinf;  f.'iin'ronmrntu/  Intpuri  Slalv- 
mrnis  on  Sinai'.  Draft  Report  of  C'HABA  WorkiiiK  Droup  Num- 
ber b*)  (C'ommittee\  on  Hearing  and  Bi>ucou<>tic^.  Februarv 
I977P 


U.  IndB 


H, 


75  and  beluw 

0 

76 

0.025 

77 

0.100 

78 

0.225 

79 

0.400 

80 

0.625 

8t 

0.900 

82 

1.225 

83 

l.hOO 

84 

2.025 

85 

2.-500 

90 

5.625 

95 

10.0 

lEq8) 

PHL  = 233.75/550  = 0.4  dB  for  550  people 


PHL  = E P,H,/Pr 

j = l 


For  the  550  people  who  experience  U,  levels  above 
75  dB.  the  average  degradation  in  hearing  can  be  ex- 
pected to  be  0.42  dB. 

Miscellaneous  Assessments 

The  priKedures  discussed  in  the  previous  section 
will  apply  to  most  general  assessments;  however,  cer- 
tain situations  require  variations. 

Vibration  Evaluation 

See  Appendix  F. 

Temporary  Noise  Envirtniments" 

For  situations  requiring  a detailed  analysis  of  a 
temporary  noise  environment.  Figure  3 is  used  to 
screen  the  process.  Then,  if  required,  a detailed  as- 
sessment is  made  by  computing  the  LWP  and  PHL 
for  three  situations; 


* 'Guidelines  for  Preparing  Environmental  Impact  Statements 
on  Soise.  Draft  Report  of  CHABA  Working  Group  Number  69 
(Committees  on  Hearing  and  Bioacoustics.  February  1977). 


1.  I he  Icmpiiriii'v  noise  environnient  us  il  il  were 
|H'rnuiiieiii. 

2.  The  temporary  noise  environment  in  terms  ol 
its  contribution  to  the  annual  average  U.  level  using: 

U,  = l()0log.„l^(l0P-'‘»  + ^tl0)“'‘»l  |Fq9| 

where  a = number  of  months  of  temporary  oper- 
ation 

b = 12  - a 

U..  = annual  average  day-night  sound  level 
La  = L<,  value  during  temporary  operation 
l.b  = Lu.  value  after  operation  is  completed. 

3.  The  environment  after  the  activity  is  com- 
pleted. 

Example 

A population  of  KXX)  experiences  a temporary  L^. 
level  of  70  dB  for  9 months  due  to  a construction 
project,  after  which  the  average  L.,,  drops  to  60  dB 
on  a long-term  basis.  Describe  the  noise  impact. 

Step  1.  Compute  LWP  and  PHL  for  the  9-month 
construction. 

LWP  = EP.W, 

W,  = .664  for  70  U,,  (Table  7) 

LWP  = 1000  X .664  = 664 


LWP  = LWP'IOOO  = .664 

PHL  = 0.  so  there  is  no  need  to  consider  it  again. 

Step  2.  Compute  LWP  for  a yearly  peritxl  using 
Fq  9 to  obtain  the  annual  average  U,.  level. 

9 3 

U,,.  = lOlog.o  [-jj-HO)’”'’”  + yjllO)*”'’”] 


= 68.9  dB 
LWP  = EP.W. 

W,  = .6(X)  for  Li„  value  of  68.9  (Table 
LWP  = 1000  X .600  = 600 


|Eq91 


LWP  = LWP  KXX)  = .600 

Step  3.  Compute  LWP  after  construction  is  com- 
plete. 
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Lwp  = i:p,w. 

W.  = .235  tor  Lj„  value  of  60  (Table  7) 
LWP  = 1(XX)  X .235  = 2.35 


l.WP  = LWP  1000  = .235 

Step  4.  Compare  results.  Of  the  UXX)  people  at- 
feeteil  (luring  eonstruetion,  664  are  equivalently  an- 
noyed. with  the  average  person  66.4  pereent  annoyed 
by  the  noise.  If  the  effects  are  considered  over  the 
entire  year,  the  number  of  equivalently  annoyed  |H‘o- 
ple  drops  to  6(X),  with  the  average  person  60  percent 
annoyed.  After  the  (tperation  is  completed,  there  will 
be  235  equivalently  annoyed  people  due  to  the  other 
noise  sources  in  the  area.  The  average  person  will  re- 
main 24  percent  annoyed.  There  is  no  danger  of 
hearing  loss  sinee  PHL  = 0.  Nonetheless,  the  con- 
struction phase  will  create  a significant,  although 
temporary,  increase  in  the  noise  impact. 

Land-Use  Planninn 

To  determine  the  probable  impact  of  existing 
noise  environment  on  proposed  civilian  and  military 
activities,  the  following  steps  can  be  applied. 

1 . Map  out  proposed  activity  on  land-use  map. 

2.  .Select  criteria  from  Table  Cl  of  Appendix  C. 

3.  Use  the  prtx'edures  on  page  20  (NED  for  Exist- 
ing Sources  Without  Project)  to  determine  existing 
noise  levels  and  map  them  on  a transparent  overlay. 

4.  Overlap  transparent  overlay  on  land-use  map 
to  determine  possible  conflict  (i.e.,  if  existing  levels 
are  incompatible  with  proposed  activity). 

5.  Use  procedures  in  Chapter  4 to  mitigate  the 
impact. 

Population  Moeetnent 

Projects  which  relocate  large  numbers  of  people 
arc  also  subject  to  an  EIA/EIS  if  the  noise  environ- 
ments arc  changed:  i.e.,  if  the  people  are  moved  into 
an  area  with  a higher  or  lower  noise  environment 
than  their  present  location.  This  analysis  requires 
completion  of  the  NED  in  Table  3 both  before  and 
after  the  relixation.  It  should  be  noted  that  only  the 
Pi  column  is  of  interest  here,  since  land  areas  will  not 


necessarily  be  the  same.  Calculations  ol  the  LW|’ 
and  PHL  remain  the  same. 

Adding  New  Source  to  Hif;h  Noise  A rea 

When  a high  noise  activity  is  put  into  an  area  that 
already  has  high  noise  levels,  there  will  be  little  in- 
crease in  the  LWP  and  PHL  indicators  due  to  the 
logarithmic  addition  of  sound  levels.  Eor  example,  if 
an  activity  with  a project  L,,„  of  65  is  put  into  an  area 
with  an  existing  Ui_  of  70.  the  resultant  E,,  is  65  -f 
70  = 71  (see  ApiK-ndix  B for  discussion  on  decibel 
addition).  While  this  l-dB  increase  dix-s  not  appear 
significant,  this  circumstance  should  not  mask  the 
impact  of  the  new-  activity.  In  this  situation,  the  NED 
evaluation  in  fable  3 for  project  sources  only  should 
be  used  to  quantify  the  impact.  This  should  also  be 
accompanied  by  a statement  that  the  activity  will  be 
located  in  a high  noise  area  so  that  the  actual  in- 
crease in  the  noise  environment  w ill  not  be  noticed. 

Environmental  Lefiislalion 

Step  2 of  the  CEO  guidelines  requires  information 
about  the  relationship  of  each  activity  of  land-use 
plans,  policies,  and  controls  for  the  affected  area.  An 
evaluation  of  Army  activities  in  relation  to  appli- 
cable Eederal.  state,  and  lixa!  environmental  noise 
legislation  is  needed  to  satisfy  this  requirement.  This 
consists  of  the  following  steps: 

1.  Inventory  and  review  all  applicable  noise  legis- 
lation. The  Computer-Aided  Environmental  Legisla- 
tive Data  System  (CELDS),  developed  by  CEKL.  can 
provide  summaries  of  pertinent  Federal  and  state 
legislation.'* 

2.  Examine  the  structure  of  the  administering 
agency  and  the  enforcement  prixedure.  and  the  ef- 
fectiveness (vf  the  enforcement  program.  This  exami- 
nation should  include  methcxls  of  enforcement 
(voluntary  or  mandatory)  and  specific  penalties. 
Since  few  guidelines  can  be  expected  from  unen- 
forced legislation  or  unbudgeted  programs,  caution 
must  be  exercised  before  undertaking  a compliance 
program. 

3.  Examine  each  law  in  terms  ivf  the  following 
questions. 


'*R.  1,.  Welsh.  Vser  Mammt  (nr  the  Oimputrr-Atjfd  f.niimn 
metuat  l.r/iislaiiir  Data  System.  Technical  Reporl  AUA 
0l‘X)IH(('KRI,.  I>)7.S). 
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a.  Do  variances  and  exemptions  exclude  Army 
activities? 

b.  What  noise  measures  arc  used  in  establish- 
ing compliance? 

c.  Are  regulations  based  on  emission  levels  ot' 
individual  sources  or  on  maximum  levels  across 
property  lines? 

d.  What  measurement  procedures  are  required 
to  determine  compliance? 

4.  Determine  compliance.  Emission  levels  of  indi- 
vidual sources  can  be  determined  by  direct  measure- 
ment (Apptendix  E),  while  levels  across  property  lines 
can  be  determined  by  either  prediction  (Appendix  D) 
or  measurement.  When  using  prediction  meth(xls. 
contours  should  be  calculated  in  the  same  units  as 
the  legislation  and  then  overlaid  on  land-use  maps. 
Violations  can  be  determined  by  scanning  the  over- 
lays. Chapter  4 discusses  mitigation  techniques  for 
violations. 

Baseline  Assessment 

To  obtain  an  acoustic  baseline  of  Army  activities. 
Table  3 should  be  compiled  for  the  existing  sources 
without  the  project. 

Conclusion 

The  procedures,  graphs,  and  tables  developed  in 
this  section  can  be  used  directly  in  the  EIA/EIS 
as  indicated  in  Table  9.  Their  foundation,  however, 
is  based  on  the  development  of  land-use  maps  and 
noise  contours,  which  are  detailed  in  the  next  chap- 
ter. along  with  specific  examples  of  the  NED  anal- 
ysis. 

3 THE  DEVELOPMENT  OF  NOISE 
CONTOURS  AND  LAND-USE  MAPS 

The  most  fundamcrtal  step  in  assessing  noise  im- 
pact is  the  development  of  noise  contours.  Noise  con- 
tours indicate  lines  of  constant  noise  level  in  tne 
same  manner  that  isobars  indicate  lines  of  constant 
air  pressure  on  a weather  map.  They  are  first  used  to 
determine  the  extent  of  the  impact  in  the  initial 
screening  (Figure  4)  and  later  to  quantify  the  impact 
in  the  NED  (Table  3).  An  additional  fundamental 
step  is  the  development  of  land-use  maps  and  their 


Table  9 


Summaij  of  Ket-ummandad  Information 
loBalnrludad  InKIA/EIS  (2| 

(Flguraa  and  labl»  alraadt  addraaaad  In  tail  ara  In  bold  l;pa.| 


CEQ 

GHideline 

Potnl 

Summan  Information 
to  be  Supplied 

In  Main  Text 

DaU  Soureaa 
to  be  Supplied 

In  Appendix 
to  EIA/EIS* 

1 

DcscribL*  projecc  in  terms  of 
major  sources,  their  iiKation 
and  their  emissions 

Fig.  5-9.  1 1 

Describe  existing;  environ- 
ment in  terms  ol  noise  levels 
and  land  uses  (supply  contour 
maps) 

Tables  3.  5.6.  10 

2 

Identify  possible  areas  of  con- 
llict  with  current  and  pro- 
posed land  uses 

Fig.  1.2.3.10 

List  planned  steps  to  reduce 
impact 

Table  1 1 

Describe  and  qiiaiuifv  prob- 
able noise  impact  of  proposed 
action 

Fig.  2.  10.  12 

Tables  3. 6.  ^2.  C3 

4 

Describe  and  quantify  prob- 
able noise  impact  of  aliern.. 
tive  actions 

Same  as  in  points  1 
to.l 

5 

Quantify  impact  after  mitiga- 
tion techniques  have  been 
applied 

Fig.  2. 10.  12 

1 abics  2.  .S.  1 1 . C2. 
C3 

h 

Compare  positive,  short-term 
effects  with  detrimental,  long- 
term effects 

Compare  positive  long-term 
effects  with  detrimental  short- 
term effects 

7 

Describe  cullur.-)!  and  nalu- 
ral  areas  lhal  will  be  perma- 
nently impacted  by  llie  aelion 

Fig  2 

Tables  .3.  A 

« 

Usel)A-PAM-2(X)-l  lusalisfy 
Ibis  requirement 

*Dala  sources  should  be  rctcrcnccd  in  main  Icsl  and  Ihcn 
appended.  In  addition,  appendix  should  contain  description  ol 
ail  nu'thodolofiics  used  to  obtain  data. 


relation  to  the  contours.  Both  arc  detailed  in  this 
chapter. 

Basic  Concepts  of  Contouring 

Army  activities  can  be  chariictcri/.cd  by  the  follow- 
ing groups  of  noise  sources: 


1 . Impulse  noise  (blasts,  artillery,  pistol  ranges) 

2.  Airiiorl  operations  (tixed-wing.  n)tarv-wing, 
grounil  run-ups) 

.V  I ransporlation  (private  vehieles.  combat  ve- 
Itieles,  railroads) 

4.  t'onstruclion 

5.  l ixed  sources  (industrial  operations,  engine 
les  I i n g.  m isee  I la  neous ). 

J'iiese  sources  can  be  classified  as  either  intermit- 
tent or  continuous.  Intermittent  sources  are  single, 
liscrete  events  where  the  noise  level  rises  with  time, 
teaches  a maximum  value,  and  then  decays  to  the 
bacl'.grttund  level.  The  noise  exposure  from  this  type 
of  source  is  assessed  in  terms  of  the  sound  level  at- 
tained and  the  number  of  such  events  which  iKcnr 
throughotit  the  day. 

In  contrast,  continuous  sources  are  those  whose 
sound  level  rises  to  a particular  value  and  remains 
there  for  an  extended  periixl  of  time.  These  sources 
are  assessed  in  terms  of  the  maximum  level  and  dur- 
ation of  such  iK’currences.  The  concepts  are  ex- 
pressed explicitly  in  the  following  two  sets  of  equa- 
tions in  which  equivalent  noise  level  tU,)  and  day- 
night  average  noise  level  (L«„)  values  are  calculated 
based  on  the  emitted  noise  level. 

Intermittent  Source 

U = SEL -I-  IOIog,„N  lEqlOl 

U = SF.I.  -t-  10  log.otN,  + I0N„)  - 49.4  (Eq  1 1 1 

where  U,„  = day-night  average  noise  level 

L,,  = equivalent  noise  level  (1  hour) 

SEL  = maximum  sound  exposure  level 
occurring  for  a single  event* 

N = number  of  individual  events  occur- 
ring within  a 1 -hour  period 
N,,  = number  of  daytime  operations  (0700- 

22(X)) 

N„  = number  of  nighttime  operations 
(22(X)-070<)) 


*SF.I.  and  At.  values  tor  various  noise  sources  are  provided  in 
( Appendix  I). 


Continuous  Source 

U,  = AL  -I-  10  log.otD)  - 35.b  (Eq  12] 
= AL  (Eq  1.4) 

where  source  o|H.-ra(es  throughout  peritHi  ol  interest. 

U.  = Al.  -(-  10  log,„(l)..  + lODJ  - 4‘).4  H-q  14) 

where  AL  = maximum  A-weighted  sound  level  of 
the  event* 

D = event  duration  in  seconds  within  a 1- 
hour  period 

Dj  = event  duration  in  seconds  during  day- 
time (0700-2200) 

D,  = event  duration  in  seconds  during  night- 
time (2200-0700). 

Although  the  equations  to  develop  L,„  and 
differ  somewhat,  the  contouring  prtKcdure  for  both 
intermittent  and  continuous  events  at  a single  hva- 
tion  is  identical,  consisting  of  the  follow  ing  steps. 

Step  1.  Determine  the  SEL  (for  intermittent 
sources)  or  AL  (for  continuous  sources)  at  the  liKa- 
tion  of  interest  (X)  for  each  type  of  operation. 

Step  2.  Tabulate  the  number  of  discrete  events  (for 
intermittent  sources)  or  duration  (for  continuous 
sources)  for  each  type  of  operation.  The  following 
data  can  be  used; 

a.  Average  daily  units — divide  total  number/dur- 
ation of  operations  in  a typical  month  by  3(). 

b.  Average  hourly  unit — divide  total  nuin- 
ber/duration  of  operations  in  an  average  day  by  24. 

c.  Worst  case — complete  maximum  possible 
number/duration  of  operations  that  can  (Kcur  dur- 
ing a day/hour. 

Step  3.  Determine  the  L/^  or  L,,  value  for  each 
type  of  operation  using  Eqs  10  through  14. 

Step  4.  If  more  than  one  type  of  operation  iKCurs 
at  the  same  ItKation,  determine  the  total  or  L,, 
value  for  all  operations  by  using  Table  10  to  add  log- 
arithmically the  individual  or  L,,  values. 


•SRr  ami  Al.  values  for  various  noise  sources  arc  provided  in 
Appendix  D. 
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When  Two  dB  Values 
Differ  by 


Add  to  the 
Higher  Value 


Step  4.  Determine  total  L-  value  for  all  opera- 
tions; since  there  is  only  one  operation. 

U = 65.2 


0 or  1 dB  3 

2 or  3 dB  2 

4lo4dB  I 

10  or  more  dB  0 


•Deeihcl  addition  will  be  noted  by  the  term  (J) . I'hus.  while 
+ ')0  = 1 80,  “lO  ij)  90  = 43  aecordinji  to  this  table. 

Step  5.  Make  ad/usfmenfs  for  other  noise-sensitive 
areas  (Y)  using  Eq  1 5. 

ADJ  = klog,„Y/X  [Eq  15] 


Step  5.  Adjust  E,,  level  to  each  distance  using 
Eq  15  and  the  format  below. 


ADJ  = 20  log.„  Y/X  [Eql5| 


Dlitance  (Y) 

2.5  fl 
(7.5  ml 

50  ft 
(15  m) 

100  fl 
(30  ml 

200  fl 
(60  ml 

E.  at  50  ft 
(15  m) 

65.2 

6.5.2 

65.2 

6.5.2 

ADJ 

-l-h 

0 

-6 

-12 

E.  at  Y 

71.2 

6.5.2 

59.2 

.5.1.2 

X = initial  distance  from  source 
Y = other  distances  from  source 
k = constant  dependent  on  type  of  source 
(see  Appendix  D). 

Step  6.  Draw  equal  noise  contours  around  source. 
The  procedure  is  illustrated  in  the  following  two  ex- 
amples. The  first  shows  how  to  draw  contours  for  a 
Siiigle  source;  the  second  shows  how  to  add  levels  for 
several  different  sources  operating  at  the  same  loca- 
tion. 

Example 

A single  source  emits  a continuous  noise  level  of 
70  dBA  at  50  ft  (15  m)  for  10  hours  during  the  day. 
Plot  the  contours  for  the  following  distances;  25  ft, 
50  ft.  100  ft.  200  ft  (7.5  m.  15  m,  30  m,  60  m). 

Step  1.  Determine  AL  at  the  location  of  interest. 
AL  = 70  dBA  at  50  ft  (15  m) 

Step  2.  Determine  the  duration  for  each  type  of 
operation. 

Dj  = 10  hours  (36,{XX)  sec) 

D,  =0 

Step  3.  Calculate  E,,  from  Eq  14. 

El,  = AL  -t-  101og.„(D,  -I-  lODJ  - 49.4 
= 70-1-  10  log, 0(36000  + 10(0))  - 49.4 
= 65.2  dB 


Step  6.  Draw  contours  around  source  (Figure  4). 


Figure  4.  Ei-  contours  (concentric  circles)  for  a 
single  source. 

Example 

Determine  the  total  at  a site  exposed  to  the 
following  operations: 


No.  of  OporatloM 


Event 

SEL 

Daytime 

Nighttime 

Total 

A 

80 

27 

3 

,10 

B 

85 

45 

5 

,50 

C 

90 

18 

2 

20 

Steps  I and  2.  SEL  levels  and  number  of  events 
can  be  taken  directly  from  information  above. 
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Step  3.  Determine  Lj,  for  each  operation  using 
Eq  1 1. 

U = SEL  + log.o(Nj  + ION,)  - 49.4  [Eq  11  ] 
For  Event  A — 

U = 80  + 101og(27+(l0x3))  - 49.4  = 48.0 
For  Event  B — 

U = 85  + 101og(45+(10x5))  - 49.4  = 55.5 
Foi  Event  C — 

L,  =90  + 10log(l8+(l0  x 2))  - 49.4  = 56.5 

Step  4.  From  Table  10,  calculate  total  Lj, 

Total  U = 48.0  @55.5  @56.5  = 59.5  dB 

Appendix  D contains  models  to  generate  contours 
for  more  complicated  sources,  which  include  rail- 
roads, highways,  combat  vehicle  maneuvers,  rotary- 
wing aircraft,  fixed-wing  aircraft,  blast/ artillery,  and 
pistol  ranges. 

Multiple  Source  Contours 

Often  in  an  EIA/EIS,  the  noise  impact  from  sev- 
eral sources  must  be  quantified  (for  example,  a base 
may  have  both  rotary-wing  and  blast  operations  or 
an  industrial  plant  located  next  to  a pistol  range). 
Contours  must  first  be  developed  for  each  source 
using  either  the  concepts  discussed  in  the  previous 


section  or  the  models  in  Appendix  D.  Then,  the  in- 
dividual contours  are  combined  into  a composite  us- 
ing the  steps  outlined  below.  Because  of  their  com- 
plexity, these  steps  are  illustrated  by  examples. 

Step  1.  Draw  contours  for  each  source  in  5-dB  in- 
crements, extending  them  to  5 dB  lower  than  the 
level  of  interest:  i-c-.  if  the  level  of  interest  is  65,  ex- 
tend contours  to  60.  Mark  overlapping  contour 
intersections  (see  Figure  5). 

Step  2.  At  each  intersection,  add  the  levels  log- 
arithmically according  to  Table  10  (Figure  6). 

Step  3.  Put  the  levels  into  the  categories  shown 
in  Table  1 1 (Figure  7). 


Table  n 

Categorizing  Nolle  Leveli 


Ciwip 

Iv.  Range 

A 

75-79.9 

B 

70-74.9 

C 

65-f>9.9 

D 

60-64.9 

E 

55-59.9 

F 

.50-54.9 

G 

45-49.9 

H 

40-44.9 

CASE  B 


NOTE  CASE  A REPRESENTS  TWO  INDUSTRIAL  OPERATIONS 

CASE  B REPRESENTS  INDUSTRIAL  B HIGHWAY  OPERATIONS 


Fignic  5.  Contours  for  individual  sources. 


r 

1 r 

i f 


CASE  B 


FIgaic  7.  Categorizing  contour  levels. 


i 

I 

I 

Dependence  of  Land-Use  Maps  on  Noise  j 

Contours  ] 

i 

Preparing  land-use  maps  is  a fairly  straightfor- 
ward prtKcdure  where  various  land  uses  and  noise- 
sensitive  areas  are  marked  ofl'on  aerial  photographs, 
installation  specialty  maps.  etc.  (Table  12).  However, 
the  detail  involved  in  this  pnKess  is  very  dependent 
on  the  size  of  the  noise  contour  influencing  the  area.  ‘ 


Step  4.  Starting  with  Category  A,  connect  all  the 
contours  and  points  labeled  “A."  Do  not  cross  more 
than  one  contour  line  with  a different  label.  Shade 
the  area.  Continue  with  Categories  B,  C,  etc.  (Figure 
8). 

Step  5.  Use  Table  11  to  put  U.  lezels  on  each 
zone.  The  composite  contour  (Figure  9)  can  now  be 
used  with  the  land-use  maps  to  quantify  the  impact. 


i 


CASE  B 


Figaic  8.  Combining  equal  noise  levels. 

CASE  B 


COMPOSITE  CONTOUR 

— SEPARATE  CONTOUR  OF  INDIVIDUAL  SOURCES 


Figures.  Composite  contours. 


For  example,  if  a single  source  produces  intrusive 
noise  levels  to  a distance  of  a few  hundred  meters, 
impacts  on  all  the  land  uses  within  the  area  can  be 
detailed  fairly  easily.  Every  seh(X)l,  church,  house, 
commercial  establishment,  park,  etc.,  can  then  be 
tabulated  and  analyzed  as  in  Table  4.  On  the  other 
hand,  if  that  source  impacts  an  area  of  several  thou- 


sand square  kilometers,  detailing  all  the  sensitive 
land  uses  becomes  impractical,  because  the  time  re- 
quired is  prohibitive.  Between  these  two  extremes  is 
a situation  which  requires  a compromised  degree  of 
detail.  Table  1.1  summarizes  this  relationship,  fhe 
area  encompassed  by  the  contours  determines  the 
type  of  analysis  and  degree  of  detail.  The  grid  system 
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Table  12 

Map  A«allabllll)r  (Sourvea  and  Scale) 


Scale 

Type  of  Analytb 

Source 

DcacrIpUon 

Availability 

(In  (houMndf) 

(tee  Table  13) 

United  States  Geological  Survey 

Topographic  Information 

Entire  U.S. 

1:250* 

III 

(USGS) 

Limited 

1:62.5 

II.  Ill 

Limited 

1:24.5 

II. Ill 

Defense  Mapping  Agency 

Most  installation  maps,  primarily 
specialty  maps 

II. Ill 

Installations  (Director  of  Plans 

Specialty  maps — Outlines  train- 

Mt>st  major 

1:50 

II.  Ill 

and  Training) 

ing  arcas/entire  installation 

installations 

1:25 

II.  Ill 

- 

(usually  using  metric  grid 
ciK)rdinates) 

U.S.  Dept,  of  Agriculture 

Aerial  Photographs 

Over  70%  of  U.S. 

1:20  std. 

II 

(USUA) 

(or  any 

Agriculture- Soil  Conservation 

scale 

Service  (ASCS) 

desired) 

Installation 

Cantonment  Area  Maps 

All  installations 

1:14.4 

II 

(Master  Planner) 

( 1 200.  800. 400  foot  maps) 

1:9.6 

I.  II 

1:4.8 

1 

U.S.  Census 

Census  tract  maps 

Approx,  one- half 
ofU.S. 

II 

U.S.  Dept,  of  Interior  (Natl. 

Foremost  experts  on  map 

Depending  on  scale 

All 

Cartographic  Information 

availability,  scale,  and  source. 

and  original  source 

Center  |NC1C|.  U.S.  Geological 

except  for  USDA  aerial 

Survey,  507  National  Center. 
Rcston.  VA  22092) 

photographs 

•1 :250  = I in.  on  map  is  equivalent  to  250.000  in.  on  the  ground. 


Table  13 

Noiae  Conlonr  Area  Vt.  Land-Ute  Detail 


Type  of 

Aaaiyib* 

Degree  of 
Detail 

Aren  of 

Con  toon 

Size  of 

Grid 

Sources 

1 

Most 

less  than  10*  sq  ft 
(93025  m‘| 

2(X)  X 200  f t 

(hO  X 60  m) 

Industrial 

II 

Some 

10*  sq  ft  to5sq  mi 
(93025  m’ to  12.8  km’ 1 

250  m X 250  m 
(750  ft  X 750  ft) 

Pistol  range,  highway, 
construction 

III 

Least 

more  than  5 sq  mi 
ll2.8km*l 

500  m X .500  m 
(LSOOfI  X LSOOfl) 

Aircraft,  blast 

•See  corresponding  column  in  Table  12  to  determine  recommended  map 


higher  contours  in  5-dB  increments. 


is  described  via  a series  of  examples  in  the  next  sec- 
tion. The  sources  listed  in  the  last  column  of  Table 
1 3 are  those  most  likely  to  produce  contours  having 
the  prescribed  areas. 

Examples  of  NED  Analyses 

This  section  provides  a series  of  examples  which 
describe  the  three  types  of  analysis  used  in  Table  13. 
Each  example  shows  how  to  produce  the  noise  con- 
tours and  land-use  maps  requisite  to  the  NED  in 
Table  4 for  the  following  situations: 

1 . Project  sources  only  (Figure  10) 

2.  Existing  sources  without  project  (Figure  1 1 ) 

3.  Project  and  existing  sources  combined  (Figure 
12) 

Each  example  illustrates  how  the  general  ap- 
proach (prediction  techniques,  land-use  preparation, 
etc.)  varies  with  the  type  of  analysis.  Unless  other- 
wise stated,  there  are  no  major  noise  sources  in  the 
area  other  than  arterial  roadways.  The  level  of  inter- 
est is  the  L.j„  W)  contour.  The  steps  below  can  be 
used  as  guidelines  for  all  assessments. 

lypi’  I A iiulysis  (Power  Plant) 

A new  power  plant  has  been  put  into  operation. 

Project  Sources  Only  (Figure  10) 

1.  Use  procedures  in  Appendix  E to  measure 
noise  levels  (AL). 

2.  Obtain  operational  information  and  calculate 
using  Eq  14. 

U = AL  -f  10  log.o  (D,  -r  lODJ  - 49.4  [Eq  14] 

3.  Using  Eq  15  to  calculate  the  distance  to  the 
bO  contour. 

ADJ  = 201og,„Y/X  [EqlSI 

Plot  this  contour  on  a transparent  sheet.  The  area 
encompassed  determines  the  type  of  analysis  (for  this 
example,  assume  that  the  area  is  less  than  10*  sq  ft 
|92  903  m’l:  thus,  a Type  I analysis  is  applied). 

4.  Use  Eq  15  to  adjust  for  different  levels  and  plot 


5.  Overlay  the  transparent  sheet  on  the  aerial 
photograph,  USGS  map,  or  base  contonment  area 
map  so  that  the  contours  align  with  the  noise  source 
l(K-ation.  The  scales  of  the  two  maps  must  be  identi- 
cal. 

b.  Prepare  (he  land-use  map  by  labeling  all  land- 
use  areas  within  the  L,„  (i0  contour,  including 
schools,  hospitals,  parks,  and  individual  houses,  as 
well  as  commercial  establishments  and  industrial 
areas. 

7.  Data  for  Table  3 can  be  compiled  directly  with 
this  information. 

Existing  Sources  Without  Project  (Figure  11) 

8.  Plot  grid  system  200  x 200  ft  (60  x 60  m)  on  a 
transparent  sheet. 

9.  Overlay  the  grid  system  on  land-use  maps,  and 
locate  the  center  of  each  grid.  The  scales  of  the  two 
maps  must  be  identical. 

10.  Perform  a site  noise  survey  at  this  litcation  by 
measuring  the  Ld„  using  the  prtKedures  in  Appendix 
E.  Plot  this  number  in  the  respective  grid  on  the 
transparent  sheet. 

11.  Data  for  Table  3 can  be  compiled  directly 
from  this  information. 

Project  and  Existing  Sources  Combined 
(Figure  12) 

12.  Overlay  the  transparent  sheet  containing  the 
project's  noise  contours  on  a sheet  containing  the 
grid  system. 

13.  Where  contours  intersect  the  grid,  add  two 
levels  logarithmically  using  Table  10. 

14.  Overlay  the  new  sheet  on  the  land-u.se  map. 
The  scales  of  the  two  maps  must  be  identical. 

15.  Data  for  Table  3 can  be  compiled  directly 
from  this  information. 

Type  11  A nalysis  (Pistol Range) 

A new  pistol  range  is  being  planned  for  a facility. 
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L Ut«  Dirtct  Meosurements  or  Prediction 
Models  to  Plot  Ldn  60  Contour  On 
Tronsporent  Sheet.  Determine  Type 
of  Anolysis  From  its  Area. 


.-2.  Plot  Higher  L^n  Contours  In  SdB 
Increments 


3.  Overlay  Transparent  Sheet  On  Aerial 
Phota  or  uses  Mop 


4.  Plot  Lond  Uses  Within  L^n  60  Contour; 
R=  Residence,  S= School 
P*  Pork. 


NED  Analysis 
Project  Sources 
Only 


5.  Fill  In  Toble  3 Directly  From  This 
Map 


Figure  10.  NED  analysis  for  project  sources  only. 
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I.  Plot  Grid  System  Or>  Transparent 
Sheet 


2.  Overlay  Transparent  Grid  Sheet  On 
Land  Use  Maps.  Note  R=  Residence, 

S = School,  P=Porh 


3.  Determine  Ljn  Volues  For  Eoch  Grid 
By  Measurement  or  Prediction 


4.  Fill  In  Table  3 Directly  From  This 
Mop 


FIgurall.  NED  analysis  lor  existing  sources  without  project. 

.1h 


I Overlay  Transparent  Sheet  of  Noise 
Contours  Onto  Tronsporent  Sheet  of 
Grid  Numbers 


o) 


64 


d) 


64 


g) 


64 


b) 


66 


e) 


68 


h) 


65 


64 


c) 


f) 


64 


63 


2.  Add  Levels  Logarithmically  Using  Table  3 
i.e.  In  Grid  o)  62  ® 60  = 64 

In  Grid  b)  6S  ® 60  = 66 

In  Grid  c)  61  ® 60  = 64 

This  Produces  New  Grid  Mop 


64  ® 

EL 


064 

JS 


64 


66 


0 


0- 

64  (B 


68 


0 
0 
■0 

(B64 


[□63 


3.  Overlay  New  Grid  Mop  On  Land  Use 
Mop.  Note  R=  Residence,  S = School,  P=Pork 


NED  Analysis 
For  Project  and 
Existing  Sources 
Combined 


4.  Fill  In  Table  3 Directly  From  This 
Map 


Figure  12.  NED  analysis  for  project  and  existing  sources  combined. 


Project  Sources  (Figure  10) 

1.  Use  the  predictive  inixlel  in  Appendix  D to  cal- 
culate the  distance  ti)  the  Uj,  W)  contour.  Plot  this 
contour  on  a transparent  sheet.  The  area  eneoni- 
pa.s.setl  1>>  this  eonlmtr  determines  the  tvpe  oi  analy- 
sis. (For  this  example,  the  area  is  assumed  to  he  be- 
tween 10'’  sq  ft  (02  ‘KM  m'l  and  5 sq  mi  (12.8  km'|; 
thus,  a l ype  II  analysis  is  applied.) 

2.  Use  the  predictive  nitKlel  in  Appendix  IJ  to  ad- 
just for  different  levels  and  plot  higher  contours  in  5- 
dB  increments. 

Overlay  the  transparent  sheet  on  the  aerial 
photograph  or  USGS  map  so  that  the  contours  align 
with  the  noise  source  Uxration.  The  scales  of  the  two 
maps  must  be  identical. 

4.  Prepare  land-use  maps  by  labeling  all  noise- 
sensitive  areas  within  the  U,-  W)  contour.  Identify 
each  school,  church,  park,  hospital,  etc.  Shade  resi- 
dential areas  rather  than  pinpointing  each  house. 
Combine  and  shade  commercial  with  industrial 
areas. 

5.  Data  for  'I'able  .1  can  be  compiled  directly  from 
this  information. 

Existing  Sources  Without  Project 

(Figure  11) 

6.  Plo*  a grid  system  250  x 250  m (750  x 750  ft) 
on  a transparent  .sheet. 

7.  Overlay  the  grid  system  on  land-use  maps  and 
liKate  the  center  of  each  grid.  The  scales  of  the  two 
maps  must  be  identical. 

8.  From  census  maps,  determine  the  population 
density  of  each  grid,  predict  the  using  Table  5. 
and  mark  this  level  in  the  center  of  the  grid.  Measure 

at  several  center  liKations.  using  procedures  in 
Appendix  F.  to  verify  prediction. 

4.  Data  for  Table  3 can  be  compiled  directly  from 
this  information. 

Project  and  Existing  Sources  Combined 

(Figure  12) 

10.  Same  as  steps  12  through  15  for  the  Type  I 
analysis. 


Typt’  HI  Atialysii  lOpfiiiiin  St  w 
ArtiUvry  Ranm-I 

Project  Sources  Only  (Figure  10) 

1.  Use  the  predictive  mixlel  in  Appendix  I)  to  plot 
I W)  contours  lor  the  planned  o|HTation  on  a trans- 
parent sheet.  I he  area  encompassed  by  this  contour 
determines  the  type  ol  analysis.  (For  this  example, 
the  area  is  assumed  to  be  more  than  5 sq  mi  (12.8 
km'l;  thus,  a l yiie  III  analysis  is  applied.) 

2.  Use  the  |)redictive  nuKlel  in  Apix’iulix  D to  plot 
contours  to  higher  levels  in  5-dB  increments. 

3.  Overlay  the  transparent  sheet  on  an  aerial 
photograph  or  USGS  map  so  that  the  contours  align 
with  the  noise  source  location.  The  scales  ol  the  two 
maps  must  be  identical. 

4.  Prepare  land-use  maps  by  labeling  all  noise- 
sensitive  structures  within  the  bO  contour. 
Identify  each  church.  schiH-)!.  hi'spital.  etc.,  and 
parks  of  more  than  lO.fXX)  sq  ft  (*124  m’).  Combine 
and  shade  residential  areas  with  small  parks.  Class- 
ify and  shade  commercial  and  industrial  areas 
equally.  Do  not  detail  areas  less  than  lO.fXX)  sq  ft 
(924  m').  i.e..  isolated  commercial  or  residential 
areas.  Combine  them  with  the  largest  adjacent  land 
use. 

5.  Data  for  Table  3 can  be  compiled  directly  from 
this  information. 

Existing  Sources  Without  Project  (Figure  11) 

b.  Plot  grid  system  5(X)  X 500  m (15(X)  x 15(X)  ft) 
on  a transparent  sheet. 

7.  Overlay  the  grid  system  on  land-use  maps.  The 
scales  of  the  two  must  be  identical. 

8.  From  census  maps,  determine  the  population 
density  of  each  grid,  and  predict  the  U,,  using  Table 
5. 

4.  Data  for  Table  3 can  be  completed  from  this 
information. 

Project  and  Existing  Sources  Combined 

(Figure  12) 

10.  Same  as  steps  12  through  15  for  the  I'ype  i 
analysis. 


Tv/h'  III  Aiuilysis  iHxihiiitliiin 
ArtHh-ry  Kiiiifu’  Opcrutioiis) 


ihul  the  coiitimrs  ;ihnn  willi  the  noise  souree  lo- 
cution. The  scales  of  ull  three  maps  must  be  iilcnti- 
cul. 


A base  is  planning  to  exparui  its  c.xisting  artillery 
range  operations. 

Project  Sources  Only  (Figure  I0| 

1.  Use  the  predictive  model  in  Appendi.x  I)  to  plot 
Ui.  W)  contours  for  the  planned  o(KTation  on  a trans- 
parent sheet.  The  area  eneompassed  by  these  con- 
tours determines  the  type  of  analysis.  (For  this  ex- 
ample, the  area  is  assumed  to  be  more  than  S sq 
mi  [12.8  km'I:  thus,  a Type  III  analysis  is  applied.) 

2.  Lise  the  predictive  mixlcl  in  Appendix  I)  to  plot 
contours  to  higher  levels  in  5-dB  increments. 

3.  Overlay  the  transparent  sheet  on  an  aerial 
photograph  or  USGS  map  so  that  the  contours  align 
with  the  noise  sourc”  location.  The  scales  ol  the  two 
maps  must  be  identical. 

4.  Prepare  land-use  maps  by  labeling  all  noise- 
sensitive  structures  within  the  U,,  bO  contour.  Iden- 
tify each  church,  school,  hospital,  etc.,  and  parks  ot 
more  than  10,000  sq  ft  (929  mO.  Combine  and 
shade  residential  areas  with  small  parks.  Classify 
and  shade  commercial  and  industrial  areas  equally. 
Do  not  detail  areas  that  have  less  than  10.(XX)  sq  ft 
(929  mO.  i.e..  isolated  commercial  or  residential 
areas.  Combine  them  with  largest  adjacent  land  use. 

5.  Data  for  Table  4 can  be  compiled  directly 
from  this  information. 

Existing  Sources  Without  Project 
(Figure  II) 

6.  Plot  grid  system  500  x 500  m (1500  x 1500  It) 
on  a transparent  sheet. 

7.  Overlay  the  grid  system  and  land-use  maps. 
The  scales  of  the  two  must  be  identical. 

8.  From  census  tracts,  determine  the  population 
density  of  each  grid,  and  predict  the  U,„  using  fable 
5. 

9.  Use  predictive  mcxiels  in  Appendix  D to  plot 
Ui,  contours  of  the  existing  operation  in  5-dB  incre- 
ments on  a transparent  sheet.  Overlay  the  transpar- 
ent sheet  on  the  grid  system  and  land-use  maps  s(» 


10.  Where  contours  intersect  grids,  add  two  levels 
logarithmically  using  fable  10.  and  apply  this  new 
number  as  the  1,,.  grid  value.  Use  these  values  to 
prepare  a new  transparent  sheet. 

11.  Overlay  the  new  sheet  on  the  land-use  map. 
■fhe  scales  of  the  tw  o maps  must  be  identical. 

12.  Data  for  fable  .3  can  be  compiled  lor  the  ex- 
isting sources  only  from  this  inlorniation. 

Project  and  Existing  Sources  Combined 
(Figure  I2| 

1.3.  Same  as  steps  12  through  15  of  the  fype  I 
analysis. 

Summary 

The  four  examples  discussed  in  the  previous 
section  provide  llexible  guidelines  for  creating  and 
combining  the  noise  contour  and  land-use  maps.  Al- 
though there  are  distinct  difl'erences  among  the  tech- 
niques of  the  three  types  of  analyses,  the  individual 
steps  can  be  interchanged  to  allow  coverage  of  all 
possible  situations.  While  a bO  criterion  is  used, 
either  higher  or  lower  levels  can  be  applied,  depend- 
ing on  the  intent  of  the  F.IA  F.IS  and  the  interpre- 
tation of  the  levels  in  Appendix  C. 

Perhaps  the  biggest  dill'erence  in  the  three  anal- 
ysis types  is  the  detail  involved  in  preparing  the  land- 
use  maps.  This  difference  (Figure  1.3)  is  caused 
mainly  by  the  economic  and  time  considerations 
used  in  scrutinizing  a relatively  small  area  as  op- 
posed to  an  area  of  several  thousand  square  kilo- 
meters. In  any  event,  the  tables  and  figures  pre- 
sented in  this  section  fit  into  the  EIA  F.IS  format  as 
shown  in  Table  14. 


4 MITIGATION  TECHNIQUES 

Point  5 of  the  CF.Q  guidelines  requires  an  analysis 
on  how  avoidable  impacts  will  be  mitigated,  fhe 
purpose  of  this  section  is  to  present  a basic  outline  of 
the  fundamental  approaches  to  noise  control,  fhey 
can  be  grouped  into  the  follow  ing  three  categories. 
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250m  250m 


Type  II 


MORE  DETAIL 
= Residenfiol 


= Park 


1^  = Commerciol 

S = School 
C = Church 

I I = Other 


Tabic  14 

Summary  of  Recommended  Information 
to  Be  Included  In  ElA/EIS  |3) 

(Elgurea  and  tablet  aircad.r  addretted  In  text  are  In  bold  l.rpe.| 


CEQ 

Guideline 

Point 

Summary  lnforma«on 
to  be  Supplied 

In  Main  Text 

Data  S<>unY« 
to  be  .Supplied 

In  Appendix  to 
EIA/EIS* 

) 

Describe  project  in  terms  ot 
major  sources,  their  Iwation 
and  their  emissions 

W'H!.  S-9,  1 1 

Describe  existing  environ- 
ment in  terms  of  noise  levels 
and  land  uses  (supply  contour 
maps) 

lables  3,  S,  6, 13 

2 

Identibr’  possible  areas  of  con- 
flict with  current  and  priv 
posed  land  uses. 

Fig.  1,2,3, 10 

List  planned  steps  to  reduce 
impact 

Tablets 

3 

Describe  and  quantify  prob- 
able noise  impact  o*'  proposed 
action 

Fig.  2,  to,  12 

1 ahles  3, 6,  C2.  C3 

4 

Describe  and  quantify  prob- 
able noise  impact  of  alterna- 
tive actions 

Same  as  in  points  i 
to  .3 

5 

Quantify  impact  after  mitiga- 
tion techniques  have  been 
applied 

Fig.  2,  to,  12 

I abics  3,  6.  1 5.  C'2, 
C3 

t) 

Compare  positive,  short-term 
effects  with  detrimental,  long- 
term effects 

Compare  positive,  long-term 
effects  wth  detrimental  short- 
term effects 

7 

Describe  cultural  and  natu- 
ral areas  (hat  will  be  perma- 
nently Impacted  by  the  action 

Fig.  2 

T ables  3, 6 

ft 

lisc  DA-PAM-2(X)-1  to  satisfy 
this  requirement 

*nala  sources  should  be  referenced  in  main  text  and  llvn 
appended.  In  addition,  appendix  should  contain  description  of 
all  methodologies  used  to  obtain  data. 


(.  Source  Ouieting  — A design  moditication 
which  reduces  the  amount  of  noise  emanating  from  a 
source,  or  a change  in  the  operation  of  a source 
which  docs  not  reduce  the  absolute  level  of  the  noise 
created,  but  reduces  the  level  perceived  by  the  rc- 


2.  Noise  Path  Alteration  — A change  in  the  noise 
path  which  reduces  the  level  of  noise  reaching  the  re- 
ceiver. but  not  the  level  created. 

.3.  Receiver  Mixlineation  — A change  in  the 
physictil  environment  of  the  receiver  which  reduces 
the  level  of  noise  perceived,  bul  not  the  level  created. 

A suminary  ol  these  approaches  is  listed  in  fable 
15.  The  table  is  a matrix  with  noise  sources  listed  on 
one  axis  and  mitigation  techniques  on  the  other.  An 
"X"  indicates  when  a technique  applies  to  a particu- 
lar source.  The  reduction  techniques  arc  divided  into 
the  source-path-receiver  approach  listed  above. 
While  all  the  techniques  have  been  listed,  it  should 
be  stated  that  not  all  of  them  are  applicable  to  each 
source.  For  example,  use  of  meteorological  condi- 
tions can  only  be  applied  to  blast  and  artillery  noise, 
while  rehK-ating  can  be  applied  lo  almosl  all  the 
sources. 

While  each  technique  is  discussed  separately,  the 
mitigation  of  any  source  will  require  an  extensive 
study  of  all  possible  approaches.  In  some  cases,  the 
optimum  mitigation  technique  may  combine  several 
approaches.  Each  technique  should  also  be  reviewed 
in  terms  of  its  feasibility,  cost,  and  noise  reduction 
potential.  Unfortunately,  since  few  of  the  techniques 
listed  have  been  quantified  in  these  areas,  only  gen- 
eral approaches  will  be  presented  herein.  As  more 
information  is  documented,  it  will  be  made  available 
in  future  publications. 

Source  Quieting 

There  are  two  source  quieting  approaches.  The 
first  is  a design  mcxlification  which  will  reduce  the 
actual  noise  level  emanating  from  the  source.  The 
second  is  an  operational  change  which  will  not  re- 
duce the  level  emitted,  but  will  reduce  the  level  per- 
ceived by  the  receiver.  Although  listed  herein,  the 
first  approach  is  not  as  realistic  as  the  second  lor 
actual  field  use.  For  example,  a facility  engineer  can- 
not realistically  eliminate  a helicopter  "loise  problem 
by  redesigning  the  engine,  but  the  noise  may  be 
somevvlial  ameliorated  by  changing  routes,  altitudes, 
or  schedules. 

Design  M oililictiliiiii 

In  most  situations,  noise  can  be  effectively  re- 
duced at  the  source  ihroiigh  proper  initial  design 
However,  for  fixed  sources  in  industrial  or  consiruc- 


ceiver. 
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Taltlr  IS 


Mitigation  Tcvhniqun  Vi.  NoIm  Soum 


NoUe  Source 

Mlllgallwn  TH'hnlques 

ii 

s. 

9 

C'Imi  Type 

3 

S 

1 
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■? 

1 
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s 
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1 

< 

a. 

X 

u 

a. 

b. 

X 

u 

h. 

o 

Design  Mixlification 

X 

X 

X 

X 

X 

X 

X 

X 

X 

S Retrofitting 

X 

X 

X 

X 

X 

X 

X 

X 

2 Maintenance 
Simulators 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

C ReliKate/ Reroute 

X 

X 

X 

X 

X 

X 

X 

X 

X 

E Reschedule 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Meteorological 

X 

Operational 

X 

X 

X 

X 

X 

X 

X 

X 

p 

^ Barriers/Enclosures 

X 

X 

X 

X 

X 

X 

X 

X 

H 

R 

E 

C 

E Architectural  Design 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

® Rekxrate 

V 

X 

X 

X 

X 

X 

X 

X 

X 
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X 

E 

R 

lion  operations,  several  limited  measures  can  be 
taken: 

1 . Elimination  of  impacting  surfaces 

2.  Balancing  of  moving  parts 
.1.  Reduction  of  friction 

4.  Application  of  dynamic  absorbers 

5.  Vibration  isolation 

6.  Alteration  of  natural  frequency  of  system 
7 Structural  damping 

8.  Isolation  of  large  radiating  panels 

9.  Perforations  in  large  radiating  panels. 

Changing  the  route  design  of  sources  that  travel  on 
fixed  paths  can  significantly  reduce  noise.  Specifi- 
cally for  railroads: 

I . Using  welded  rails  reduces  noise  by  8 dB 


2.  Grinding  rails  flat  and  smooth  reduces  noise  by 
1 to2dB 

3.  Coating  rail  heads  with  damping  compound  re- 
duces vibrations 

4.  Using  concrete  track  beds  is  quieter  than  using 
wooden  ties  and  ballast 

5.  Eliminating  tight  curves  reduces  noise  by  5 to 
l5dB. 

Specifically  for  traffic  noise: 

1.  Smoothing  an  unusually  rough  surface  reduces 
noise  by  5 dB 

2.  Eliminating  grades  reduces  truck  noise. 
Rt'irofiniiif’ 

Retrofitting  consists  of: 

1 . Use  of  mufflers  on  all  on-post  private  vehicles 

2.  Use  of  mufflers,  engine  shrouds,  etc.  on  all 
combat  vehicles 
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t. 

1. 


* 


3.  Use  of  noise  suppressors  for  engine  testing  at 
airfields 


facilities  which  are  used  only  seasonally,  e.g.,  out- 
door amphitheaters  or  stadiums. 


4.  Use  of  silencers  for  selected  artillery. 

While  the  first  three  have  been  employed  success- 
fully, silencers  for  artillery  are  still  in  the  research 
and  development  stage. 


R (’schedule 

There  are  three  basic  scheduling  approaches 
I.  Limit  number/duration  of  operations 


Maintenance 

Although  maintenance  programs  will  partially 
control  noi.se  from  street  vehicles,  most  vehicles 
using  installation  roads  will  not  be  subject  to  direct 
installation  control.  However,  such  programs  can  be 
useful  for  ameliorating  noise  from  poorly  main- 
tained combat  vehicles.  Auxiliary  equipment  such 
as  pumps  and  compressors  should  also  be  kept  in 
working  order. 

Simulators 

Since  most  Army  artillery  and  flying  activities  are 
for  training  purpo.ses.  many  operations  can  be  re- 
placed or  reduced  by  using  training  simulators. 
Some  simulators  are  already  in  operation,  and  cur- 
rent development  trends  are  toward  more  sophisti- 
cated designs.  Besides  the  noise  reduction,  savings  in 
fuel  and  ammunition  can  be  achieved. 


2.  Distribute  number  of  operations  evenly  over 
time  period 

3.  Limit  number  of  night  operations. 

Limit  Number/Duralion.  Two  equations  for  cal- 
culating L,«  were  developed  in  Chapter  3 for  contin- 
uous (Eq  12)  and  intermittent  (Eq  10)  noise  sources: 

U,  = AL  + 10  log,„  D - 35.h  [Eq  12) 

L,  = SEL  -)-  101og,„N  lEqlO) 

Reducing  the  number  (N)  or  the  duration  (D)  of 
operations  will  reduce  the  noise  impact.  As  illus- 
trated in  Figure  15,  a decrease  in  the  number  dur- 
ation of  an  operation  by  a factor  of  10  (final  duration 
+ initial  duration  = 10)  rg-sults  in  a 10-dB  decrease 
in  the  L,„  value.  Similarly,  a decrease  by  a factor  of  2 
yields  a 3-dB  reduction. 


R eloca  te/R  erou  te 

This  category  involves  optimizing  the  location  of 
noise  activities  in  relation  to  noise-sensitive  areas. 
There  are  several  approaches;  (I)  dispersing  oper- 
ations will  increase  the  area  affected  but  decrease 
the  severity  of  the  effects;  (2)  concentrating  these 
operations  into  a compact  area  will  decrease  the 
amount  of  land  affected  while  increasing  the  severity 
of  the  impact.  Figure  14  illustrates  dispersion  of  air- 
craft night  paths  to  reduce  the  adverse  impact 
caused  by  a single  flight  path.  Notice,  however,  that 
more  land  area,  although  not  sensitive,  is  now  af- 
fected by  the  activity. 

In  addition,  operations  can  be  located  near  non- 
sensitive areas  instead  of  near  schools  and  resi- 
dences. Also,  the  hwation  of  a noisy  activity  can  be 
changed  according  to  the  time  of  day.  For  example, 
noisy  operations  can  be  located  at  night  in  areas 
used  only  during  the  day.  such  as  near  schools, 
churches,  and  work  areas.  Similarly,  seasonal 
changes  can  reduce  the  effects  of  noisy  activities  on 


Distribute  Evenly.  Proper  scheduling  can  mini- 
mize periods  of  peak  activity  which  result  in  high 
noise  levels.  For  example,  an  installation  having 
lO.lXk)  operations  per  month  m.ay  have  2(X)  one  day, 
KXX)  the  next.  etc.  If  the  numbers  were  dispersed 
evenly  over  ,30  days  per  month,  there  would  be  333  a 
day.  From  Figure  1 5,  the  U,  value  would  be  5 dB  less 
than  on  days  with  KXX)  operatiotis  (l(XX)/333  = a 
factor  of  3 decrease),  but  2 dB  higher  than  on  days 
with  200  operatiotis  (333/ 2(X)  = a faetor  of  Lb 
increase).  It  should  be  stated  that  while  this  ap- 
proaeh  can  reduce  peaks,  it  will  not  alter  the  total 
monthly  noise  exposure. 

Limit  Nighttime  Operations.  People  are  more 
.sensitive  to  night  noise,  as  indicated  by  the  lO-dB 
penalty  imposed  on  nighttime  operations  by  the  L,. 
equations  for  continuous  (Eq  II)  and  iiKermittent 
(Eq  14)  sources. 

L,„  = .SEL  + 10  log,„|N,  + ION.)  - 41.4  (Eq  1 1 | 

U = AL  -)-  I()log,„(D,-(-IOIL|  - 41.4  (Eq  14) 
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Thus,  reducing  nighttime  operations  will  signifi- 
cantly reduce  the  U-  value.  This  reduction  can  be 
computed  by  using  Eqs  16  and  17  to  determine  the 
effective  number/ duration  of  operations  for  subse- 
quent use  in  Figure  15. 

For  intermittent  sources 

EN  = N,  ION,  lEq  161 

where  EN  = effective  number  of  operations 
Nj  = number  of  daytime  operations 
N„  = number  of  nighttime  operations. 

For  continuous  sources 

ED  = d,  -t-lOa  (EqI7| 

where  ED  = effective  duration  of  operation 

D.,  = event  duration  in  seconds  during  day- 
time 

D„  = event  duration  in  seconds  during 
nighttime. 

Example 

A base  has  100  daily  helicopter  operations — 90  at 
night  and  10  during  the  day.  What  is  the  Lj„  reduc- 
tion if  80  night  operations  are  rescheduled  for  day- 
time? 

Step  1.  Determine  total  number  of  operations 
using  Eq  16. 

Original  number  = 10  -I-  90  (10)  = 910 
Reduced  number  = 90  -f-  10  (10)  = 190. 

Step  2.  Determine  factor  of  decrease 
Factor  = 910/190  = 4.8. 

Step  3.  From  Figure  15,  reduction  is  6.8  dB. 
Meteorological 

Noise  levels  from  blasts  and  artillery  tire  arc  sig- 
nificantly affected  by  the  weather.  As  a result  of 
wind  and  temperature  changes,  the  speed  of  sound 
varies  with  both  direction  and  altitude.  The  net  re- 
sult is  that  the  atmosphere  sometimes  acts  as  a lens, 
redirecting  waves  traveling  away  from  the  ground 
and  focusing  them  at  distant  points.  This  Rkus  cre- 


ates levels  tiia!  can  be  .30  dB  higher  than  under  more 
favorable  conditions.  Severe  impact  can  be  thus 
avoided  by  scheduling  these  operations  in  accord- 
ance with  specific  weather  conditions,  i.e.,  limited 
firing  during  liK-using  conditions  and  unlimited 
firing  during  negative  gradient  and  shadow  condi- 
tions.'* “ Information  of  th.s  type  can  be  obtained 
from  weather  balloons  or  by  setting  up  a feedback 
monitoring  system  in  which  a signal  is  relayed  to 
range  control  when  the  noise  exceeds  a critical  deci- 
bel level  in  the  community. 

Operational 

People  w ho  directly  control  the  operations  of  noise 
sources  can  help  reduce  the  noise  exposure  by  em- 
ploying certain  operational  techniques. 

For  highway  noise; 

1.  Low  speeds  will  reduce  exposure  levels  for 
automobiles,  but  increase  them  for  heavy  trucks. 
The  reverse  is  true  for  high  speeds.  The  optimum 
technique  depends  on  vehicle  mix. 

2.  For  a 2 to  4 percent  mix  of  trucks,  nuxleratc 
and  steady  speed  freeflow  t’  lftic  will  be  quieter  than 
stop-and-go  traffic. 

For  artillery  and  blast  noise: 

1.  If  elevation  is  optimized,  fewer  pounds  of 
charge  (and  therefore  less  noise)  are  required  to 
achieve  a given  distance. 

2.  Explosions  on  soft  areas  such  as  swamps  or 
crushed  earth  are  less  noisy  than  those  on  hard  areas 
such  as  granite. 

For  airport  operations: 

1.  A steady  How  of  aircraft  minimizes  takeoff  and 
landing  wailing  time  and  thus  reduces  noise  ex- 
posure. 

2.  Maximum  glide  angle  and  high  initial  altitude 
to  landing  approach  produce  lower  noise  levels. 

"P.  D.  Schemer,  Predicting  Cnmmunitv  Rerfvmsc  to  Biaxt 
Noise.  Technical  Report  E-t7/AD#  ZT-thiJO  (CERI..  December 
t97.P. 

‘•P  D.  Schomcr,  R.  J.  GotT,  anct  1..  Little.  The  St  .iisiics  ol 
A mpUtude  and  Spectrum  of  Blast  Propagated  m !>■,  A Imosphere 
Technical  Report  N 1.1  AUA0.1,147S (CERU  November  I97h). 
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I 3.  A reduced  thrust  at  takeoff  will  lower  noise  various  reduction  needs.  For  example,  if  a 10-dB  re- 

' near  runways  hut  increase  the  noise  down  the  flight  duction  was  desired  from  an  adjoining  highway,  a 

track  as  the  plane  takes  longer  to  reach  cruising  alti-  barrier  would  have  to  be  designed  and  liKated  so 

tude.  On  the  other  hand  full  throttle  for  maximum  that  the  path  length  difference  equalled  or  exceeded 

climb  angle  will  lower  noise  down  the  flight  track  but  0.8  ft  (.24  m). 

increase  noise  near  the  runway.  The  right  technique 

depends  on  the  land  use.  Receiver  Protection 

Path  Modification  Ideally,  such  receiver-oriented  approaches  as  pur- 

chasing of  land,  zoning,  and  planning  to  prevent 

For  ground-based  sources,  placing  a physical  bar-  high  noise  areas  from  being  developed  (both  on-  and 

rier  (walls,  earth  berms,  buildings,  or  natural  Icr-  off-post)  are  the  best  way  to  avoid  noi.se  problems, 

rain)  between  the  noise  source  and  the  receiver  can  However,  where  existing  developed  areas  are  already 

provide  significant  attenuation.  'I'o  be  effective,  bar-  impacted  by  noise,  the  receiver-oriented  approach  is 

riers  must  be:  generally  an  inefficient  way  to  reduce  noise. 

1.  High  enough  to  break  the  line  of  sight  between  For  example,  if  one  source  impacts  100  structures, 

the  source  and  receiver  it  would  be  more  efficient  to  quiet  the  intrusive 

source  rather  than  protect  the  100  receivers.  In  addi- 

2.  Solid  with  no  gaps  or  leaks  tion,  while  the  interior  noise  levels  may  become  ac- 

ceptable. the  outside  environment  always  remains 

3.  Mtxlerately  heavy  (surface  weight  greater  than  unacceptable.  Thus,  protecting  the  interior  of  a 

4 Ib/sq  ft  [19.5  kg/m'])  building  whose  outdoor  environment  is  integral  con- 

stitutes only  a partial  solution.  However,  since  in 

4.  Wide  enough  to  prevent  diffraction  of  sound  most  cases  neither  the  technology  nor  the  feasibility 

waves  around  the  edges  of  the  barrier.  is  available  to  quiet  the  source,  the  receiver  approach 

must  be  taken.  Perhaps  the  most  effective  use  of  re- 

A barrier’s  effectiveness  will  increase  with  height,  ceiver  protection  is  in  the  planning  stages  of  facilities 

width,  and  proximity  to  either  source  or  receiver  (both  on-  and  off-post)  that  will  be  built  in  high  noise 

until  a maximum  attenuation  of  20  dB  is  achieved.  areas. 

Landscaping,  although  aesthetically  pleasing,  is  While  the  techniques  herein  apply  mainly  to  on- 

not  an  effective  barrier  unless  it  has  the  density  and  post  receivers  over  which  the  base  commander  has 

height  to  obscure  the  sight  of  the  noise  source.  A control,  some  transition  could  be  made  for  off-post 

maximum  reduction  of  10  dBA  can  be  expected  for  usage  through  ctxirdination  with  local  officials  and 

tlensc  vegetation  that  is  at  least  10  ft  (3  m)  higher  zoning  boards, 

than  the  source  and  at  least  200  ft  (bO  m)  thick.  Rows 
of  buildings  will  also  provide  up  to  10  dB  attenu- 
ation. depending  on  how  the  source  is  shielded  both 
vertically  and  horizontally. 

Both  partial  and  total  enclosures  can  be  consid- 
ered as  a kind  of  barrier,  with  total  enclosures  reduc- 
ing selected  sources  from  .30  to  50  dB.  Access  open- 
ings will  usually  lessen  effectiveness  by  10  to  20  dB. 

A simplified  assessment  of  barriers  is  based  on  a 
parameter  known  as  path  length  difference.  This 
! quantity,  symbolized  by  h (delta),  is  the  difference  in 

I distance  traveled  by  the  sound  wave  going  over  the 

, obstruction  rather  than  directly  to  the  observer  as  it 

would  if  the  obstacle  were  not  present  (Figure  lb). 

Figure  I 7 can  be  used  to  determine  the  required  S for 


Observer 


8 • X + Y- 


Figure  16.  Generalized  geometry  of  acoustic  barrier. 
(From  Highway  Noise.  A Design  Guide  Jor  Highway 
Engineers.  National  Cooperative  Highway  Research 
Program  Report  [NCHRP]  1 1 7 [NCHRP,  1971  j.) 
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Path  Length  Difference  8 (ft) 

Figure  17.  Attenuation  of  an  infinite  barrier  for  point  sources  and  roadways.  (From  S.  E.  Wesler,  Manual  for 
Highway  Noise  Prediction,  # DOT-TSE-FHWA-72-1  [U.S.  Department  of  Transportation,  March  1972].) 


Architectural  Design 

Architectural  design  techniques  can  be  used  both 
to  plan  new  facilities,  and  to  retrofit  existing  struc- 
tures. There  are  three  basic  categories; 

1.  Acoustic  construction 

2.  Acoustic  design 

3.  Noise  masking. 

Acoustic  Constniction-  This  method  uses  extra 
structural  elements  to  impede  sound  transmission. 
While  standard  elements  such  as  windows,  walls, 
and  roofs  will  mitigate  noise  somewhat,  greater 
abatement  is  possible  using  the  techniques  shown  in 
Table  16. 

Acoustic  Design.  This  method  optimizes  the 
shielding  of  sound  waves  by  means  of  the  structure 
itself.  There  are  basically  two  approaches:  (I)  reduc- 
tion of  openings  in  surface  area  (doors,  windows, 
etc.),  and  (2)  use  of  interior  space. 

Since  the  wall  of  a structure  acts  as  a barrier,  its 
abatement  effectiveness  will  be  diminished  if  there 
are  passages  through  which  sound  energy  can  pene- 
trate. The  three  most  common  passages  are  ventila- 
tion ducts,  windows,  and  doors.  KeltKating.  reduc- 
ing. or  eliminating  them  can  minimize  intrusion  of 
environmental  noise. 


Table  16 

Acoustic  ContlnicUon  Techniques 

(From  Pliintiinfi  in  thv  Ninse  t'nvinynmvnl.  Draft  Joint  Scnices 
Planning  Manual  (Decemher 

Element  Construction  Technique 


Walls  Increase  mass 

Use  dead  airspace 

Increase  air  space  width  between  walls 
Use  staggered  studs 
Seal  cr.icks  and  edges 
Use  insulation  blankets 

Use  resilient  materials  to  hold  studs  and  panels 
together 

Use  acoustic  coating 

RiH>fs  Increase  mass 

Seal  cracks  and  edges 

C eilings  Use  insulation  blankets 

Use  nonlixcd  suspension  methods 
Use  acoustical  coating 

FUM>rs  increase  mass 

UltH-'k  off  joists  to  prevent  noise  traveling  over  or 
under  walls 

Use  resilient  support  between  joists  and  tliH>r 

Windows  Seal 

Increase  thickness 
Double  gla/e 

Increase  volume  of  dead  airspace  in  double  gla/ed 
windows 

DtMirs  Use  solid  c(»rc 

IhMuiramc  gaskets 
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2.  Buying  existing  impacted  structures 
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The  use  of  interior  space  can  also  affect  the  im- 
pact of  outside  noise.  Noise  can  be  minimized  in 
sensitive  areas  by  UKating  rooms  with  w'all  openings 
or  lhi>se  requiring  more  quiet  away  from  noise 
sources.  Figure  18  illustrates  how  areas  needing  pro- 
tection are  located  away  from  the  noise  source  and 
pri>teeted  by  nonsensitive  uses  and  walls. 

Noise  Masking.  Homogeneous  background  noise 
can  be  used  to  "soften"  unwanted  sounds.  It  is  not  a 
positive  relief  measure,  but  a cosmetic  device  that 
dulls  perception  of  intruding  noise.  This  technique  is 
used  in  telephone  b<x>ths  where  the  constant  noise  of 
a fan  dampens  obtrusive  outside  noise.  In  open 
ofllces.  masking  is  provided  by  controlled  levels  of 
ventilation  or  music.  Masking  is  generally  used  only 
in  public  spaces  and  work  environments;  its  applica- 
tion inside  residences  is  not  recommended.  Sound 
masking  is  only  effective  where  the  noise  intrusions 
are  not  extreme,  and  where  the  total  noise  levels 
(masking  plus  background  levels)  do  not  exceed  con- 
centration, sleep,  and  conversation  interference 
levels. 

Relocating 

Rehicating  seeks  to  optimize  the  space  between 
the  source  and  receiver  to  minimize  the  amount  of 
impact.  The  strategy  is  identical  to  the  relocating/re- 
routing technique  described  earlier,  except  that  in 
this  case,  the  receiver  is  moved,  not  the  source.  This 
can  include; 

I.  Locating  the  activity/facility  to  take  advantage 
of  natural  barriers  or  other  low  noise  areas 


,1.  Building  the  facility  away  from  high  noise 
areas. 

Summary 

The  tables  and  figures  in  this  chapter  complete 
the  EIA/EIS  format  in  Table  17.  When  information 
in  the  appendices  is  included,  the  ElA/ElS  can  be 
drafted  according  to  the  specific  procedures  dis- 
cussed in  the  next  chapter. 

5 PREPARATION  OF  THE  EIA/EIS 

Under  the  provisions  of  the  CEO  guidelines,  an 
environmental  analysis  must  address  the  eight  major 
points  in  Table  18.  This  section  explains  how  the  in- 
formation obtained  in  the  previous  chapters  fits  into 
this  EIS  format.  While  a few  points  can  be  satisfied 
with  simple  verbal  descriptions,  the  majority  require 
use  of  the  tables,  figures,  and  charts  developed 
earlier.  This  is  summarized  explicitly  in  Table  17. 
This  analysis  addresses  itself  only  to  environmental 
noise. 

Major  Points  of  EIA/EIS 

If  the  EICS  system  has  been  used,  evaluate  the 
output  (Example-Figure  II.  If  evaluation  indicates 
that  there  is  no  potential  impact  for  the  proposed 
action  and  its  alternatives,  make  this  statement  in 
points  2.  3.  and  4.  and  the  noise  aspect  oj  the  EIA/ 
EIS  is  complete. 


j 


$uinmai7  of  Recommencled  Information 
to  Be  Included  In  EIA/EIS  (4) 

(All  tables  and  flfures  necessary  for  EIA/EIS  have  been 
addressed  fn  text) 


CEQ 

Guideline 

Point 

Sumnuiry  Infurmation 
to  be  Supplied 

In  Main  Text 

DaU  Soun-ci 
to  be  Supplied 

In  Appendli  lo 
EIA/EIS* 

' 

Describe  project  in  terms  of 
major  sources,  their  hvation 
and  their  emissions 

Uti.  5-4.  1 1 

Describe  existing  environ 
menl  in  terms  of  noise  levels 
and  land  uses  (supply  contour 
maps) 

Tables  5.  b.  1.1 

2 

Identify'  possible  areas  of  con- 
Rict  with  current  and  pri>- 
posed  land  uses 

Fig.  1.  2.  3,  10 

List  planned  steps  to  reduce 
impact 

Table  15 

3 

IX’scribe  and  quantify  prob- 
able noise  impact  of  proposed 
action 

Fig.  2.  10.  12 

Tables  3.  h.  C2.  C3 

4 

Describe  and  quantify  prob- 
able noise  impact  of  alterna- 
tive actions 

Same  as  in  points  1 
to.l 

5 

Quantify  impact  after  mitiga- 
tion techniques  have  been 
applied 

Fig.  2.  10.  12 
Tables.!,  h,  I5,C'2. 
C3 

6 

Compare  positive,  short-term 
effects  with  detrimental,  long- 
term effects 

Compare  postive.  long  term 
effects  with  detrimental 
short-term  effects 

7 

Describe  cultural  and  natu- 
ral areas  that  will  be  perma- 
nently impacted  by  the  action 

Fig.  2 

Tables  3. 6 

8 

Use  DA-PAM-200-1  to  satisfy 
this  requirement 

•Data  sources  should  be  referenced  in  main  text  and  then 
appended,  fn  addition,  appendix  should  contain  description  of 
all  methodologies  used  to  obtain  data. 


It  the  flowchart  in  Figure  3 indicates  that  there  is 
no  pfttential  impact  for  the  proposed  action  and  its 
alternatives,  make  this  statement  in  points  3 and  4 
and  the  noise  aspect  of  the  EIA/EIS  is  complete. 


CEQ  Requirements  for  EIA/EIS 

From  HonJhtHtk  tor  t-^nvironnicnial  Itufnn  t Anutysis.  Pamphlet 
No.  2(X)-I  IDepartment  of  the  Army.  April 

1.  Projeci  Description 

A.  Purpose  and  description  of  action 
B F.nvironmental  setting  prior  to  propped  action 

2.  l.and-Use  Relationships 

A.  C onformity  or  coriHict  with  land-use  plans,  policies  and 
controls 

ii)  Federal,  state,  and  UkuI 
(2)  Approved  or  pri>posed 

B ( I'nllictsand  or  inconsistent  land-use  plans 

(1)  Fxtent  of  reconciliation 

(2)  Reasons  for  prixeeding  with  action 

.V  Probable  Impact  of  the  Propi»sed  Action  on  the  Environment 

A.  Positive  and  negative  eftects 

B.  Direct  and  indirect  consequences 

4 Alternatives  to  the  Proposed  Action 
A Reasonable  alternative  actions 

(1)  Those  that  might  enhance  environmental  quality 

(2)  I ht>se  that  might  avtud  some  or  alt  adverse  ellects 
B.  Analysis  of  alternatives 

5.  Probable  Adverse  F*'',»iioninental  Kflects  Which  Cannot  be 
Avoided 

a.  Adverse  and  unavoidable  impacts 

b.  Relationship  Between  l.»*cal  Short  lerm  Uses  of  Man's  Envi- 
ronment and  the  .Maintenance  and  Enhancement  of  Long- 
Term  Pnxluctivity 

a.  Trade-oil  between  short  term  environmental  gains  at  ex 
pense  of  long-term  losses 

b.  Trade-otT  betwt*en  long  term  environmental  gains  at  ex- 
pense ol  short-term  losses 

c.  Extent  to  which  proposed  acliivn  forecUvses  future  options 

7.  Irreversible  and  Irretrievable  Commitments  of  Resources 

a.  Natural 

b.  Cultural 

8.  Other  Interests  and  Considerations  of  Federal  Policy  that  Oil* 
set  the  Adverse  Environmental  FtTecis  ol  the  Propostsl  Action 

a.  Countervailing  benetils  of  prop<»sed  action 

b.  Countervailing  benefits  of  alternatives 


In  all  other  cases,  proceed  to  fuant  I. 

Point  I — Project  Description 

A.  Describe  the  project  in  terms  of  major  noise 
sources,  including  their  number,  ItK'alion  and  emis- 
sion levels. 
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1.  Identify  all  major  sources  associated  with  ac- 
tivity 

2.  Locate  each  source  on  appropriate  map  (see 
Table  12) 

3.  Tabulate  operational  information  for  each 
source. 

4.  Draw  contours  for  each  source  using  prediction 
nuxlels  in  Chapter  3 (Figures  5-9)  and  Appendix  D. 
Where  models  do  not  exist,  use  measurement  proce- 
dures in  Appendix  E. 

B.  Describe  the  environmental  setting  in  terms  of 
present  land  uses  and  existing  noise  levels  prior  to 
proposed  action. 

1.  Classify  all  land  within  area  of  interest  into  the 
following  usage  categories  (both  existing  and  pro- 
ptised) 

a.  Residential 

b.  Commercial/Industrial 

c.  Noise  sensitive  structures  (schools,  hospitals, 
etc.) 

d.  Wildlife  habitats 

e.  Cultural  sites,  scenic  views,  etc. 

2.  Plot  land-use  data  on  maps. 

3.  Determine  existing  levels  (Figure  1 1 ) 

a.  Draw  grid  system  over  land-use  maps  (Table  13) 

b.  Fill  in  value  by  prediction  (Table  5)  or  meas- 
urement (Appendix  E) 

4.  Quantify  the  existing  noise  impact  using  the 
NED  analysis  format  in  Tables  3 and  6.  Verbally  de- 
scribe what  is  meant  by  LWP  and/or  PHL  values  to 
clarify  the  impact  for  readers  unfamiliar  with  such 
terms. 

a.  Compute  LWP,  Eq  6 

b.  Compute  PHL,  Eq  8 

Point  2 — Land-Use  Relationships 


A.  Describe  how  projected  noise  levels  conform  or 
conflict  with  land  uses  (existing  or  proposed)  with 
the  following  inter-progressional  steps.  If  no  impact 
is  indicated  for  any  step,  a statement  to  that  effect 
should  be  written  and  the  ElA/EIS  is  completed 
with  regard  to  noise  impact. 

1.  Overlay  noise  contour  and  land  use  map 
(Figures  2 and  10) 

2.  Use  Figure  3 flow  chart  to  determine  possible 
impact  on  people,  wildlife,  developable  land  and 
structures. 

B.  Describe  possible  steps  to  reduce  impact 
(Table  15) 

1.  Notwithstanding  the  absence  of  full  reconcili- 
ation, explain  reasons  why  action  should  proceed. 

Point  3 — Probable  Impact  of  the 
Proposed  A ction 

A.  Describe  primary  (both  beneficial  and  detri- 
mental) aspects  of  environmental  changes. 

1.  Overlay  noise  contours  onto  land  use  map 
(Figures  2 and  10) 

2.  Combine  source  contours  with  existing  noise 
levels  (Figure  12) 

3.  Quantify  noise  impact  with  NED  analysis 
(Tables  3 and  6)  for  project  sources  only,  and  project 
and  existing  sources  combined. 

a.  Compute  LWP,  Eq  6 

b.  Compute  PHL,  Eq  8 

4.  Document  the  impact. 

a.  People  exposed  to  levels  greater  than  40  dB. 
but  under  criteria  of  55  U,,.* 

(1)  Calculate  changes  in  LWP  whenever  the  back- 
ground U,„  is  increased  by  an  activity. 


•The  55-dB  level  is  not  to  be  construed  as  oflicial  Army  policy. 
Because  it  is  only  the  recommendation  of  the  authors  and  subject 
to  change,  final  implementation  should  be  coordinated  with  the 
user’s  major  command  and  the  DA  Environmental  Office. 
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(2)  Describe  verbally  the  general  degradation 
caused  by  the  change  in  the  noise  environment  biii 
state  that  no  health  and  welfare  elTects  are  cxpccti.-d 
to  occur  because  the  levels  are  so  low . 

b.  People  exposed  to  levels  above  the  impact  cri 
teria  of  55  but  under  75  dB  U-  * 

(1)  Calculate  changes  in  LWP  for  quantifying: 

(a)  Before  and  after  noise  exposure  of  the  same- 
area  or  population. 

(b)  Noise  impact  from  different  noise  sources. 

(c)  Noise  impact  from  different  actions  for  dif- 
ferent areas.  (For  this  comparison,  the  population 
and/or  area  must  be  defined  precisely. 

(2)  Describe  verbally  the  general  degradation 
caused  by  the  change  in  the  noise  environment. 

c.  People  exposed  to  Lj„  levels  of  more  than  75 
dB. 

(1)  Calculate  the  change  in  PLH.  Emphasize  the 
possibility  of  severe  health  and  welfare  problems  in 
residential  areas  using  PHL  as  an  indicator  of  the 
degree  of  severity. 

d.  Animals  exposed  to  noise. 

(1)  Describe  the  changes  in  the  noise  environment 
w-ith  detail  on  the  exposure  of  any  specific  species  of 
animals. 

(2)  Detail  the  effects  of  abnormally  high  sound 
levels  on  endangered  species,  and  domestic  or  wild 
animal  populations.  Where  both  people  and  animals 
are  impacted  in  the  same  area,  the  quantitative  as- 
sessment of  impact  on  humans  is  considered  suffi- 
cient to  assess  the  noise  impact  on  animals. 

e.  Special  situations 

(I)  Describe  the  noise  environment  for  each 
noise-sensitive  structure  (Tables  3 and  6).  Review  the 
significance  of  the  increase  in  noise  levels  in  mone- 

•The  55  dB  levrl  is  not  (o  be  construed  as  ofTicial  Army  policy. 
Because  it  is  only  the  recommendation  of  the  authors  and  subject 
to  chinjte.  final  implementation  should  be  coordinated  with  the 
user's  major  command  and  the  DA  Environmental  Office. 


tary  terms. 

(2)  Describe  the  noise  environment  for  unde- 
veloped and  developed  noise-sensiiive  land  areas 
(Table's  .1  and  b).  Identify  designated  wilderness 
arciis  as  special  situations.  Describe  how  the  noise 
will  afleci  these  areas. 

I.  Miscellaneous  assessments 

(1)  Compliance  with  environmental  legislation 
(p  2b) 

(2)  Vibration  (see  Appendix  F) 

(3)  Temporary  noise  environment  (p  25) 

(4)  Land-use  planning  (p  2b) 

(5)  Population  movement  (p  26) 

(6)  Adding  new  source  to  high  noise  area  (p  26) 

g.  Use  information  in  Appendix  C to  explain  what 
each  level  means: 

(1 ) Health  and  welfare  effects  (Table  C2)* 

(2)  Physiological  damage  (Table  C3) 

(3)  Miscellaneous  degradation  (Table  C2) 

B.  Secondary  Effects 

These  include  population  concentration  and 
growth.  Many  actions  attract  people  to  previously 
unpopulated  areas  and  indirectly  cause  pollution, 
congestion,  and  land  development  that  probably 
would  not  have  otherwise  occurred.  At  the  present 
time,  there  are  no  procedures  available  to  quantify 
these  effects.  Thus,  a verbal  summary  is  adequate. 

Point  4 — A llcrntitivcs  to  the  Proposeit  A ction 

A.  It  it  is  determined  that  there  is  no  significant 
environmental  impact  from  a preferred  course  of 
action,  there  is  no  need  to  assess  alternative  courses 
of  action.  On  the  other  hand,  w hen  there  are  several 


•The  55  dB  le\ct  iv  not  to  be  construed  .is  otfieial  Army  policy. 
Bcc.iuse  it  is  only  the  recommcnd.ilion  of  the  authors  and  subject 
to  change,  final  im|ilemcnlalion  should  be  ciHirdinaled  with  the 
user's  major  command  and  the  t)A  Environmental  DIfice 
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courses  of  action  which  are  equally  acceptable,  an 
attempt  should  be  made  to  identify  the  alternative 
which  will  have  the  least  environmental  impact.  In 
addition,  if  a significant  noise  impact  is  not  identi- 
fied for  the  preferred  action,  alternative  proposals 
may  be  necessary  to  mitigate  other  impacts  (air, 
water,  etc.).  All  reasonable  alternatives  should  be 
considered,  especially  those  that  might  enhance  en- 
vironmental quality  or  those  that  might  avoid  some 
or  all  adverse  effects. 

B.  Using  procedures  outlined  in  Points  1 through 
3,  quantify  the  impact  on  each  alternative. 

Point  5 — Prohahlv  Adverse  Environmental 
Effects  Which  Cannot  Be  Avoided 

A.  Describe  how  adverse  effects  previously  dis- 
cussed will  be  mitigated. 

1.  Select  specific  mitigation  techniques  (Table  15). 

2.  Repeat  steps  in  Point  1 using  results  of  these 
techniques  to  change  either  contours  or  land  use 
maps. 

3.  Quantify  the  impact  using  steps  in  Point  3. 

4.  Summarize  those  probable  effects  which  can- 
not be  avoided  should  the  proposal  be  implemented. 

Point  6 — Relationship  Between  Local  Short-Term 
Uses  <d  Man's  Environment  and  the  Maintenance 
and  Enhancement  of  Long-  Term  Productivity 

A.  Discuss  positive  aspects  of  proposed  action  on 
a short-term  basis  and  compare  these  with  detrimen- 
tal long-term  effects.  For  example,  construction  of  a 
new  highway  may  relieve  congestion,  but  increased 
noise  levels  may  destroy  tranquil  areas. 

B.  Discuss  positive  aspects  of  the  proposed  action 
on  a long-term  basis  and  compare  these  with  detri- 
mental short-term  effects.  For  example,  construction 
of  a sewage  treatment  plant  may  create  noise,  but 
long-term  aspects  of  the  project  include  enhanced 
water  quality. 

C.  Assess  the  cumulative  and  long-term  impacts 
of  the  proposed  action  with  the  view  that  each  gener- 
ation is  a trustee  of  the  environment  for  succeeding 
generations.  Consider  such  losses  as  restrictions  on 
visitations  of  historic  or  archaeological  sites,  destruc- 


tion of  natural  vistas  or  increased  danger  to 
threatened  species. 

Point  7 — Irreversible  and  Irretrievable  Commit- 
ments of  Resources 

A.  Natural  Resources — Discuss  the  irrevocable 
loss  of  natural  resources  caused  by  implementation 
of  the  proposed  action.  Include  effects  such  as  eco- 
system imbalance,  destruction  of  wildlife  habitats,  or 
loss  of  natural  land-use  patterns  (Tables  3 and  6). 

B.  Cultural  Resources — Discuss  the  irrevocable 
loss  of  cultural  resources  caused  by  implementation 
of  proposed  action.  Include  such  areas  as  human 
interest  sites,  archaeological  sites  or  scenic  views 
(Tables  3 and  6). 

1 . Review  these  losses  in  terms  of  lasting  social 
and  economic  effects  on  surrounding  communities. 

Point  fl  — Other  Interests  and  Considerations  of 
Federal  Policy  That  O ffset  the  Adverse  Environmen- 
tal Effi . ts  of  the  Proposed  Action 

Describe  for  the  project  and  each  alternative  such 
positive  aspects  as  improving  the  U.S.  defense  pos- 
ture. saving  money,  improving  military  manage- 
ment, etc.  Include  any  environmental  benefits  from 
Point  3.  These  considerations  are  to  be  balanced 
against  any  negative  environmental  impacts  identi- 
fied in  Points  3 and  5.  In  addition,  discuss  mitigation 
procedures  from  Point  5 which  will  reduce  project 
impacts  compared  to  impacts  of  current  and  ongoing 
projects,  or  which  will  conserve  energy  resources  by 
using  insulation  in  buildings  or  other  structures 
(w  hen  such  insulation  provides  acoustical  protection 
as  well  as  preventing  heating/cooling  losses).  DA 
Pamphlet  200-1”  should  be  examined  for  addi- 
tional guidance. 

Summary  of  Required  Information 

Table  17.  which  was  described  earlier,  summa- 
rizes the  information  generated  from  this  manual 
(contours,  tables,  figures,  etc.)  in  terms  of  addressing 
the  essential  points  of  an  ElA/EIS. 

Because  this  manual  provides  detailed  informa- 
tion for  defining  the  impact  of  only  one  major  envi- 

' HandhiHik  fhr  Pnvirtmmrnlal  Impact  Analysis.  Pamphlet 
No,  200- 1 (Department  of  the  Army.  April  1975). 
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ronmental  category — noise — it  ntust  be  remembered 
that  the  total  requirement  is  to  take  an  interdisci- 
plinary approach  in  assessing  total  environmental 
impact.  For  example,  in  discussing  alternatives  to  re- 
duce the  noise  impact,  the  tact  that  other  impacts 
(e.g..  air.  water,  ecology)  may  either  increase  or  de- 
crease must  be  considered.  If  is  important  that  these 
checks  and  balances  between  all  environmental 
areas  be  considered  in  the  CF'C)  guidelines.  A proper 
use  ol  all  ol  the  ttxds  available,  including  the  com- 
puter mixlel  developed  by  CFRL'*  " and  IJA  Pam- 
phlet 200- 1.“  will  insure  that  such  an  approach  is 
taken. 

^ CONCLUSIONS 
D AND  RECOMMENDATIONS 

Conclusions 

This  user  manual  provides  quantitative  pr(H'c- 
dures  for  evaluating  the  environmental  impacts  Irom 
noise  emissions  for  Army  military  activities.  7 he 
combination  of  material  from  this  manual  with 
material  from  the  CERL-developed  computer  sys- 
tems should  produce  an  integrated  approach  to 
preparation  of  high-quality  EIAs/ElSs. 

Recommendations 

It  is  recommended  that  this  manual  be  used  by 
personnel  involved  in  preparing  environmental  im- 
pact assessments  and  statements  for  projects  having 
definite  noise  impacts. 
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APPENDIX  A; 

GLOSSARY: 

absorption:  The  change  of  sound  energy  into  some 
other  form,  usually  heat,  when  it  passes  through  a 
medium  or  strikes  a surface. 

acceleration:  The  time-rate-of-change  of  velocity, 
usually  described  by  such  modifiers  as  peak,  aver- 
age, and  rms. 

acoustics:  The  science  of  sound,  including  its  pro- 
duction, transmission,  and  effects. 

A.N.S.I.:  American  National  Standards  Institute. 

audible  range  (of  frequency):  The  normal  frequency 
of  human  hearing,  i.e.,  the  frequency  range  16  Hz 
to  20.000  Hz  (20  kHz). 

average  level:  A level  typical  of  the  levels  at  a certain 
place  in  a stated  time  period.  This  is  defined  by 

I N !, 

L = 10loc,„  n"  E 10 
i = l 

where  N = number  of  measurements 

L,  = noise  level  at  the  i'*  measurement. 

A-weighting:  Prescribed  frequency  response  defined 
by  A.N.S.l.  Standard  SI. 4-1971.  Used  to  obtain  a 
single  number  representing  the  sound  pressure 
level  of  a noise  in  a manner  approximating  the  re- 
sponse of  the  ear,  by  de-emphasizing  the  effects  of 
the  low  and  high  frequencies. 

A-weighted  sound  level,  A-level  (AL):  A quantity,  in 
decibels,  read  from  a standard  sound-level  metev 
with  A-weighting  circuitry. 

ASEL:  A-weighted  sound  exposure  level  (see  SEL). 

composite  noise  rating  (CNR):  A measure  of  the 
noise  pnxiuced  by  aircraft  operations  over  a 24- 
hour  annual  average  busy  day.  The  CNR  is  calcu- 
lated from  aircraft  noise  and  the  number  of  oper- 
ations in  daytime  and  nighttime  periods. 

C-weighting:  Prescribed  frequency  response  defined 
by  A.N.S.l.  Standard  SI. 4-1971.  Jlightly  dc- 
emphasizes  low-  and  high-frequency  ranges. 


C-weighted  sound  level,  C-level  (CL):  A quantity,  in 
decibels,  read  from  a standard  sound  level  meter 
with  C-weighting  circuitry. 

confidence  limits:  The  upper  and  lower  values  of  the 
range  over  which  a given  percent  probability 
applies,  bor  example,  if  the  chances  are  99  out  of 
100  that  a sample  lies  between  10  and  12.  the  99 
percent  confidence  limits  are  said  to  be  10  and  12. 

continuous  noise:  On-going  noise  whose  intensity 
remains  at  a measurable  level  (which  may  vary) 
without  interruption  over  a specified  period  of 
time. 

CSEL:  C-weighted  sound  exposure  level  (see  SEL). 

daytime:  the  hours  07(X)  to  2200. 

day-night  average  sound  level:  A measure  of  the 
noise  environment  over  a 24-hour  day.  it  is  the  24- 
hour  A-weighted  sound  level  with  a 10-dB  weight- 
ing applied  to  the  nighttime  levels.  When  equiva- 
lent level  (L,.,)  information  is  available,  the  L,,,  is 
calculated  as  follows: 

U = 101og,„^[(15)10^''‘’-(-(9)10‘*"^'“  ‘"idB 

where  U = L,,  for  the  hours  0700-2200 
Lv,  = U,  for  the  hours  2200-07(X). 

decibel  (dB):  A logarithmic  unit  of  measure  of  sound 
(see  sound  pressure  level). 

equivalent  sound  level  (L,,):  The  level  of  a constant 
sound  which,  in  a given  situation  and  time  periixi, 
has  the  same  sound  energy  as  a time  varying 
sound  level.  While  the  typical  averaging  time  for 
the  equivalent  level  is  a periixi  of  1 hour,  the  time 
period  can  be  altered  to  meet  the  user's  needs.  In 
equation  form: 

U = 10  log, „ L'  f,l()‘  '"dB 
i = l 

I,  = percent  ol  time  periixl  in  which  a particular 
L,  ix'curs 

L,  = sound  level  in  dB, 

fast  response:  Dynamic  characteristics  of  a sound 
level  meter  as  defined  in  A.N.S.l.  Standard  S1.4- 
1971. 
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niter:  A device  for  separating  components  of  a signal 
on  the  basis  of  their  frequency.  It  allows  compo- 
nents in  one  or  more  frequency  bands  to  pass  rela- 
tively unattenuated,  and  it  attenuates  components 
in  other  frequency  bands. 

frequency:  Number  of  complete  oscillation  cycles  per 
unit  of  time.  The  frequency  is  the  reciprocal  of  the 
period.  The  unit  of  frequency  often  used  is  the 
Hertz. 

frequency  analysis  (spectrum  analysis):  A descrip- 
tion of  an  acoustical  signal  in  the  frequency 
domain,  resulting  in  an  amplitude  level  versus  fre- 
quency plot,  commonly  obtained  in  octave  bands, 
Vi-octave  bands,  and  various  narrow  bands. 

frequency  band;  Difference  in  Hertz  between  the 
upper  and  lower  frequencies  that  limit  a band,  or 
the  interval  in  octaves  between  the  two  frequen- 
cies. The  band  is  described  by  the  geometric  mean 
frequency  between  the  two  band-edge  frequencies; 
i.e.,  the  500  Hz  octave  band  describes  the  band 
between  707  and  353  Hz. 

Gaussian  distribution  (normal  distribution):  A par- 
ticular amplitude  distribution  of  fundamental 
importance  in  the  theory  of  probability,  it  de- 
scribes many  natural  phenomena;  most  stationary 
acoustic  noise  that  is  not  periodic  has  an  essen- 
tially Gaussian  distribution. 

Hertz  [Hz]:  Unit  of  frequency  equal  to  one  cycle 
per  second. 

impulse  noise:  Noise  of  short  duration  (typically,  less 
than  1 second)  high  intensity,  abrupt  onset,  and 
rapid  decay.  Impulse  noise  is  characteristically 
associated  with  such  sources  as  explosions  and  the 
discharge  of  firearms. 

Infrasonic:  Having  a frequency  below  the  audible 
range  for  man  (below  16  Hz). 

intermittent  noise:  Fluctuating  noise  whose  level 
falls  one  or  more  times  to  low  or  unmeasurable 
values  during  an  exposure. 


the  ratio  of  that  quantity  to  a reference  level. 

In  symbols  L = log,  (q/qo) 

r = base  of  logarithms 
q = the  quantity  under  consideration 
qo  = reference  level. 

logarithmic  addition:  Combination  of  sound  levels 
using  the  logarithmic  mathematical  function.  In 
equation  form; 

log(a)  -I-  log(b)  = logla»bl 

loudness:  The  intensive  rating  of  an  auditory  sensa- 
tion, in  terms  of  a scale  extending  from  soft  to 
loud.  Loudness  depends  on  the  sound  pressure 
and  on  the  frequency  and  wave  form  of  the  stimu- 
lus. 

masking:  The  process  or  amount  by  which  the 
threshold  of  audibility  for  one  sound  is  raised  by 
the  presence  of  another  (masking)  sound. 

microphone:  An  electroacoustic  transducer  that  re- 
sponds to  sound  waves  and  delivers  essentially 
equivalent  electric  waves. 

night:  The  hours  22(X)  to  0700. 

noise:  Any  undesired  sound. 

noise  exposure:  The  cumulative  acoustic  stimulation 
reaching  the  ear  of  a person  over  a specified 
period  of  time  (e.g.,  a work  shift,  a day,  a working 
life,  or  a lifetime). 

noise  exposure  forecast  (NEF):  A measure  of  the 
noise  produced  by  aircraft  operations  over  a 24- 
hour  average  busy  day.  It  is  based  on  summation 
of  individual  noise  events  over  the  24-hour  pericxi. 
with  ad  justments  applied  for  nighttime  noises  and 
aircraft  ground  runups.  NEF  is  a scale  analogous 
to  CNR. 

noise-induced  permanent  threshoid  shift  (NIPTS): 

Permanent  threshold  shift  caused  by  noise  expo- 
sure. i.e.,  hearing  loss. 

noise  level:  See  "sound  level." 
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l«,:  See  day-night  average  sound  level. 

U,;  See  equivalent  sound  level. 

level  (L):  The  level  of  a quantity  is  the  logarithm  of 


noise  reduction  (NR):  The  difference,  in  decibels, 
between  the  sound  level  outside  a building  and  the 
sound  level  inside  a designated  room  in  the  build- 


ing.  NR  is  dependent  on  the  transmission  loss 
characteristics  of  the  building  surfaces  exposed  to 
an  exterior  noise  source,  the  particular  noise  char- 
acteristics of  the  exterior  noise  source,  and  the 
acoustic  properties  of  the  designated  room  in  the 
building. 

normal  distribution;  Sec  Gaussian  distribution. 

octave:  An  interval  of  sound  or  vibration  having  a 
basic  frequency  ratio  of  2.  fhe  preferred  series  of 
octave  bands  for  acoustic  measurement  covers  the 
audible  range  in  ten  bands  whose  center  frequen- 
cies are  31.5,  63.  125,  250,  500.  1000,  2000,  4000. 
8000,  and  16,000  Hz. 

root-mean  square  (rms):  Square  root  of  the  arithmet- 
ical mean  of  the  squares  of  a set  of  instantaneous 
amplitudes. 

sampling:  Transformation  of  a continuous  function 
into  a discrete  series  of  values  in  appropriate 
order. 

sound:  An  oscillation  in  pressure  or  an  auditory 
sensation  evoked  by  the  pressure  oscillation. 

sound  exposure  level  (SEL);  The  total  energy  of  a 
sound  accumulated  over  a given  time  interval. 
Technically,  it  is  the  weighted  sound  level  (A  or  C) 
integrated  over  the  duration  of  a noi.se  event. 

sound  level:  Sound-pressure  level  measured  in  fenns 
of  a metering  characteristic  and  weighting  (A,  B, 
orC),  as  specified  in  A.N.S.I.  standard,  SI. 4-1971. 

sound-level  meter:  An  instrument  comprising  a 
microphone,  amplifier,  output  meter,  and  fre- 
quency-weighting networks,  which  is  used  for  the 
measurement  of  noise. 

sound  pressure:  A measure  of  the  fiuctuating  varia- 
tions in  pressure  from  the  static  value  (i.e.,  atmos- 
pheric pressure)  caused  by  the  presence  of  the 
sound  field.  For  most  complex  sound  sources  the 
sound  pressure  contains  energy  over  a broad  fre- 
quency range  audible  to  humans.  The  sound  pres- 
sure at  a point  is  the  total  instantaneous  pressure 
at  that  point  in  the  presence  of  a sound  wave 
minus  the  static  pressure  at  that  point. 


pressure  to  the  reference  sound  pressure  of  20 
micropascals.  In  equation  form: 

SPL  = 20  logiop/pr 

where  p = sound  pressure  to  be  quantified 
pr  = 20  micropascals. 

spectrum:  (see  frequency  analyses). 

statistical  levels  (Lx):  The  noise  level  which  is  ex- 
ceeded for  a stated  percentage  (x)  of  the  time 
period  of  interest. 

steady-state  sounds:  Sounds  whose  levels  remain 
constant  in  time. 

threshold  of  audibility:  The  minimum-sound-pres- 
sure  level  capable  of  evoking  an  auditory  sensa- 


transducer:  A device  capable  of  being  actuated  by 
waves  from  one  or  more  transmission  systems  and 
supplying  related  waves  to  one  or  more  other 
transmission  systems.  Examples  are  microphones, 
accelerometers,  and  loudspeakers. 

transmission  ioss  (TL):  fhe  reduction  of  airborne 
sound  power  that  is  caused  by  placing  a wall  or 
barrier  between  the  field  source  and  its  receiver. 
Transmission  loss  is  a property  of  the  wall  or  bar- 


ultrasonic;  Having  a frequency  above  the  audible 
range  for  man,  i.e..  20. (KK)  Hz. 

wave:  A disturbance  which  is  propagated  in  a 
medium  so  that  at  any  point  in  the  medium,  the 
quanlitv  serving  as  measure  of  disturbance  is  a 
fiMK'lion  of  the  time,  while  at  any  itistatit,  the  dis- 
placement at  a point  is  a ftinction  of  the  position 
of  the  poitit. 

wavelength;  The  distance  between  a point  of  a given 
phase  of  one  wave  and  a point  ol  the  same  phase 
of  an  ad  jacent  w ave. 

weighting  scales:  I’resci  ibed  frequency  response  pro- 
vided in  a sound-level  meter,  to  selectively  dis- 
criminate against  hns  and  high  frequencies  in 
aeeordanec  with  certain  equal-loudness  hearing 
eliaraelcrislies  of  the  human  car. 


sound  pressure  level  |SPL|:  In  decibels,  20  times  the 
logarithm  to  the  base  10  of  the  ratio  of  a sound 
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APPENDIX  B: 

CHARACTERISTICS  OF  NOISE 

This  appendix  describes  the  physics  of  sound  and 
the  current  terminology  used  to  describe  noise  char- 
acteristics. 

Basic  Concepts 

An  object  vibrating  back  and  forth  in  the  atmos- 
phere collides  with  the  surrounding  air  particles  and 
creates  a pressure  disturbance.  As  these  air  particles 
collide  with  other  air  particles,  the  pressure  distur- 
bance spreads  away  from  the  source  of  vibration.  At 
the  ear,  this  disturbance  generates  a vibration  in  the 
ear-drum,  which  is  transmitted  via  a network  of 
bones  in  the  ear  to  the  cochlea,  which  converts  the 
vibration  into  an  electrical  signal  interpreted  by  the 
brain  as  sound. 

The  alternate  grouping  together  (compression) 
and  spreading  apart  (rarefaction)  of  the  particles 
\jries  the  pressure  above  and  below  that  of  the 
atmosphere  (Figure  Bl).  The  distance  between  suc- 
cessive compressions  or  successive  rarefactions  is  the 
wave-length  of  the  sound.  The  number  of  times  per 
second  that  the  wave  passes  from  a period  of  com- 
pression through  a period  of  rarefaction  and  then 
starts  another  cycle  is  the  frequency. 

The  rate  at  which  the  molecular  displacement 
occurs  is  the  particle  or  sound  velocity  which  is  1 1(X) 
ft/sec  (335  m/sec)  under  normal  temperature  and 
pressure  conditions. 

These  various  parameters  are  related  by  the 
formula; 

X = c/f  lEqBll 

where  X (lambda)  = wavelength 

c = speed  of  sound  in  ft/sec  or  m/sec* 
f = frequency  in  cycles/ sec  or  Hertz. 


The  amplitude  of  the  wavelength  is  the  magnitude 
of  the  disturbance  from  atmospheric  pressure. 

Decibel  Scale 

Sound  propagating  from  a simple  source  can  be 
quantified  by  measuring  the  changes  it  causes  in  at- 
mospheric pressure.  The  fluctuation  above  and 
below  the  normal  atmospheric  pressure  is  called 
sound  pressure  and  is  the  most  common  measure  of 
a sound’s  strength. 

The  ear  is  sensitive  to  an  exceedingly  large  range 
of  pressures.  For  example,  the  sound  pressure  gener- 
ated by  a rocket  engine  may  be  one  billion  times  the 
sound  pressure  of  a soft  whisper.  Because  of  this 
large  range  and  the  response  characteristics  of  the 
ear,  sound  pressure  levels  (SPL)  are  usually  expres- 
sed on  a logarithmic  scale.  In  terms  of  decibels: 

SPL  = 101og(^  )'  IEqB41 

ro 

where  SPL  = the  sound  pressure  level  in  decibels 

P,  = the  sound  pressure  of  the  acoustic 
signal  above  atmospheric  pressure 
Po  = a reference  pressure,  standardized  at 
20  micropascals  (this  represents  the 
weakest  sound  that  can  be  heard  by 
an  average  young  undamaged  ear). 

Table  Bl  lists  several  noise  sources  in  terms  of 
both  their  pressure  and  decibel  levels.  Since  decibels 
are  logarithmic  units,  sound  levels  are  not  additive. 
For  example,  if  a single  truck  produces  a sound  level 
of  90  dB  at  a particular  location,  two  identical  trucks 
would  not  produce  180  dB.  The  term  (P/Po)'  is  a 
measure  of  the  energy  in  the  acoustic  signal;  there- 
fore, addition  of  sound  levels  must  be  performed  on 
an  “energy  basis." 

fjxtiinplt’ 

If  one  source  is  90  dB  and  a second  source  is  90 
dB,  (ind  the  total  dB  value  when  both  sources  are 
operating  simultaneously. 


•This  velocity  depends  on  the  gas  itself  and  its  absolute  temper- 
ature. Considering  air  as  the  medium  of  most  direct  interest: 

C = dt.OT  /r  ft/sec  (Eq  B2| 

where  T = absolute  temperature  in  degrees  Rankine(°R) 

“R  = "F  -f  dbO 


or 


(Eq  B.1| 


Step  1.  SPL  of  first  source  10  log  (P,/P<,)'  = 90 


where  T = absolute  lemperalure  in  degrees  Kelvin  I "Kl 
”K  = °C  + 27.1 

Thus,  at  70°F  (2 1.1  "Cl,  sound  propagates  at  a velivity  of  1 129  6 
ft'sec(,M1..S  m sec). 


C = 20.01  s/T  m/sec 


Step  2.  SPL  of  second  source  10  log  (P^/Pu)'  = 90 


Tables  I 


Compariton  of  Pressure*  Sound  Pressure  Level* 

fherefore,  P,  = Pj 

and  Common  Sounds 

Step  SPU.„„,  = 101og(P,/P„P  + IOIog(P,/P.,)' 

Prcuurr  P„  In 
MlcriipiuciiU 

SPL  In  dB* 

Loudness 

= IOIogl(P,/P„)'  + (P,/P„)M 

’(KI.INHI.IHMI 

140 

JiM  oirtnili 

= 101og2(P,/P„PsinceP,  = P, 

(i4.(KK).(KH) 

I.IO 

Threshold  of  pain 

= 10  log  2 + 10log(P.,'PoP 

20.(KK),(KK) 

120 

b.4()0.(XK) 

no 

Near  elevated  train 

= 3 + 90dB 

2.IXK).(XK) 

100 

Inside  propeller  plane 

h40.(X)0 

90 

Kul!  symphony  or  band 

SPLr„„,  = 93  dB 

2(X).0(X) 

80 

Inside  auto  at  high  s()eed 

Thus.  90  dB  @ 90dB=93dB* 

M.IXX) 

70 

20.(XX) 

hO 

Conversation,  face- to- face 

Table  B2  can  be  used  to  add  different  sound 

h.4(X) 

.SO 

Inside  general  office 

levels.  For  example,  to  add  90  and  90.  the  table  indi- 
cates that  3 dB  must  be  added.  To  add  90  and  95.  1 

2.(XX) 

40 

Inside  private  office 

dB  is  added  to  95. 

MO 

.40 

Inside  bedriH>m 

2(X) 

20 

When  more  than  two  sound  levels  are  added,  the 

M 

10 

Inside  empty  theater 

levels  should  be  rank-ordered  and  added  tw-o  at  a 

20 

0 

Threshold  of' hearing 

•Note  that  indicates  logarithmic  addition.  *‘;i'l,  as  measured  on  A-scalc  of  standard  sonndlesel  meter. 


Figure  Bl.  Representation  of  a sound  wave.  (Prom  Planning  in  ihv  Noise  Envimnment. 
Planning  Manual  (December  1976).) 
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Figure  B2.  Example  of  decibel  addition. 


Tabk  B2 

Method  for  Addition  of  Sound  Levels 

When  Two  Decibel  Add  the  Following 

Values  Differ  b)'  to  the  Higher  Value 


Note:  To  add  more  than  two  levels,  start  with  the  lowest  value. 

time,  starting  with  the  lowest  two  levels,  as  illus- 
trated in  Figure  B2. 

Although  a 3-dB  increase  in  noise  level  represents 
a doubling  of  sound  energy,  the  higher  level  does  not 
sound  twice  as  loud  as  the  lower;  in  fact,  it  is  only 
moderately  detectable  by  the  human  ear.  It  has  been 
found  for  most  sources,  that  a lO-dB  difference  in 
levels  is  needed  to  produce  a subjective  doubling  of 
loudness.  Thus,  while  3 dB  corresponds  to  a factor  of 
two  in  sound  energy,  10  dB  corresponds  to  a factor  of 
two  in  subjective  loudness. 


In  addition  to  attenuation  from  spreading  of 
sound  waves,  atmospheric  effects  further  reduce 
sound.  Through  molecular  interaction,  the  air  ab- 
sorbs a certain  amount  of  high-frequency  energy 
over  relatively  long  distances.  This  effect  can  signifi- 
cantly influence  noise  signals  with  high  frequency 
content,  as  illustrated  in  Figure  B3.  Here  the  typical 
noise  level  variation  with  distance  both  with  and 
without  atmospheric  absorption  effects  is  illustrated. 
Curve  1 represents  the  reduction  from  spreading  of 
sound  waves  without  atmospheric  effects.  Curve  2 
shows  how  atmospheric  effects  increase  this  reduc- 
tion for  mid-frequency  sounds.  Curve  3 shows  how 
the  reduction  is  increased  even  more  for  high-fre- 
quency sounds. 

A variety  of  other  atmospheric  phenomena,  such 
as  wind  and  temperature  gradients,  also  affect  the 
propagation  of  sound  through  the  air.  For  sources  at 
ground  level,  propagation  of  sound  is  additionally 
influenced  by  terrain  and  structures  which  may 
either  absorb  or  reflect  sound,  depending  on  their 
surface  shape  and  location  relative  to  the  sound 
source. 


0 to  1 dB  3 

2to3dB  2 

4to9dB  1 

10  or  more  dB  0 


Propagation  Characteristics 


Frequency  Characteristics 


Sound  from  a point  source  attenuates  according  to 
the  inverse  square  law:  the  level  decreases  inversely 
with  the  square  of  the  distance.  In  other  words,  each 
time  the  distance  from  the  noise  source  doubles,  the 
sound  pressure  is  halved,  pnxlucing  a b-dB  decrease 
in  the  sound  signal.*  Near  a line  source  such  as  a 
highway,  the  attenuation  approximates  3 dB  per 
doubling  of  distance. 


•While  noise  level  is  proportional  to  pressure,  energy  is  prop^ir- 
tional  to  pressure  squared.  Thus,  while  a doubling  of  pressure 
pnxluced  a h-dB  increase  in  the  noise  level,  a doubling  of  energy 
produces  only  a 3-dB  increase. 


A vibrating  object  prixluces  a sound  wave  with  a 
characteristic  frequency.  Rapid  fluctuations  pnxliice 
high-frequency  sounds  which  are  perceived  subjec- 
tively as  having  a high  pitch.  I'hc  converse  is  true  for 
slower  fluctuations,  in  practice,  however,  a noise 
signal  is  a complex  combination  of  frequency  com- 
ponents produced  by  many  different  vibrational  and 
oscillatory  mexfes.  In  addition,  each  frequency  com- 
ponent may  have  different  levels  and  may  vary  as  a 
function  of  time.  This  information  is  important  be- 
cause: 

1.  People  with  differenl  hearing  sensitivities  react 
differently  to  various  frequencies. 


W) 


1 


I 


t 


Ditlanct  from  Souret  In  ftt) 


Figure  B3.  Typical  attenuation  with  distance  for  a point  source. 
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2.  Different  noise  sources  have  different  fre- 
quency characteristics. 

3.  Engineering  solutions  for  reducing  noise  are 
frequency-dependent. 

By  using  electrical  llltcrs,  the  noise  signal  can  he 
separated  into  its  low-,  middle-,  and  high-frequency 
components  via  a series  of  eight  or  nine  octaves.  Like 
a musical  octave  on  a piano  keyboard,  an  octave  in 
sound  analysis  represents  the  interval  between  a 
given  frequency,  f,  and  twice  that  frequency,  2f.  The 
standard  octave  filters  separate  the  normal  audible 
frequency  range — 22  Hz  to  11,200  Hz — into  nine 
bands  (Table  B3).  These  bands  or  filters  are  identi- 
fied by  their  geometric  mean  frequency,  where  the 
filter  covering  the  range  from  f to  2f  is  labeled: 

Geometric  Mean  = (f  x 20  [Eq  BS) 

= 2''T 

To  analyze  the  noise  signal  in  bands  narrower 
than  an  octave,  one-third  octave  filters  and  constant 
bandwidth  filters  (all  frequency  ranges  are  equal)  are 
used. 

Tabic  B3 

Standard  Octave  Banda 

Octave  Freqnenc}'  Geometric  Mean 


Range  (Hz) 

Frequency  of  B 

22— 

44 

31 

44— 

88 

63 

8»— 

176 

125 

176— 

353 

250 

353— 

707 

500 

707— 

1,414 

1,000 

1.414— 

2.828 

2.000 

2.828— 

5,656 

4,000 

5.656—11.312 

8,000 

Figure  B4  illustrates  this  analysis  by  comparing 
narrow-band  noise  (middle  C on  a piano)  and  broad- 
band noise  (traffic).  Both  time  versus  amplitude  and 
frequency  versus  amplitude  graphs  are  shown. 

Frequency  Consideration 

Because  the  human  ear  is  more  sensitive  to  high- 
frequency  sounds  0000  Hz  or  higher)  than  to  mid-  or 
low-frequency  sounds  (125  Hz  or  lower),  a better 
evaluation  of  a noise  signal  can  be  obtained  by  ap- 


plying a weighting  function  to  its  spectrum.  Figure 
B5  illustrates  the  electrical  circuit  placed  in  noise  in- 
strumentation that  satisfies  this  requirement  (A- 
weighting).  Figure  B6  illustrates  the  eft'ect  of  apply- 
ing this  weighting  to  a typical  spectrum;  the  result- 
ing measure  is  the  A-weighted  sound  level  (AL)  in 
decibels. 

It  has  been  found  that  a person’s  judgment  of  a 
noise’s  loudness  correlates  well  with  its  A-weighted 
sound  level.  Thus,  a noise  signal  with  an  A-weighted 
level  of  65  dB  would  typically  be  judged  louder  than 
another  noise  of  60  dB  when  both  were  considered  in 
a similar  context. 

For  large-amplitude  impulse  noise  emanating 
from  blasting  and  artillery  operations,  the  accom- 
panying structural  vibration  must  also  be  considered 
in  evaluating  human  responses.  For  this  source,  an 
electrical  circuit  called  the  C-weighting  (Figure  B5) 
is  applied  to  the  blast  spectrum  to  obtain  a C-weight- 
ed  sound  level  (CL)  in  dB,  This  network  or  weighting 
takes  into  account  the  lower-frequency  energy  which 
causes  structures  to  vibrate.  Therefore,  for  assessing 
noise,  the  A-weighting  will  be  applied  to  all  sources 
except  blast  noise  and  the  C-weighting  will  be  ap- 
plied only  to  blast  noise. 

Temporal  Considerations 

Subjective  tests  indicate  that  in  addition  to  the 
maximum  A-weighted  level,  human  response  to 
noise  is  also  a function  of  the  signal’s  temporal  vari- 
ation. Such  time-related  variations  may  range  from  a 
constant  sound  level,  as  produced  by  a continuously 
operating  machine,  to  the  single-event  aircraft  fly- 
over, to  the  constantly  varying  noise  levels  perceived 
near  highways. 

In  fact,  there  is  significant  evidence  to  indicate 
that  two  signals  with  equal  energy  will  pnxluce  the 
same  subjective  response.  For  example,  a noise  w ith 
a constant  A-weighted  level  of  85  dB  sKcurring  for  10 
min  would  be  judged  equally  as  annoying  as  an  82- 
dB,  A-weighted  noise  signal  lasting  for  20  min.  i.e., 
one-half  the  energy  lasting  for  twice  the  time  pcricxl. 
This  is  known  as  the  “equal  energy"  principle. 

Recently  electronics  and  instrumentation  tech- 
nology has  pr<xluced  instruments  which  can  inte- 
grate a noise  signal  as  a function  of  time  to  pnxluce 
a measure  of  the  physical  energy  in  the  noise  signal. 
This  integration  results  in  the  sound  exposure  level 
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BROAD  BAND  NOISE  (TRAFFIC) 


i 


Filtar  of  Sound  Level  Meters  (ANSI  SI.4-I97I) 

Fig*re  B5.  Electrical  circuit  specified  for  the  A-  and  C-scale  network  of  sound-level  meters  (ANSI  SI. 4 - 1971). 


Octave  Band  Center  Frequency  (Hz) 

Generolized  Spectrum  for  Diesel  Truck  Noise  At 
SO  ft  Distance 

Figure  B6.  The  A-weighting  network  as  applied  to  a typical  spectrum  (From  Planning  in  the  Noise  Environ- 
ment. Draft  Joint  Services  Planning  Manual  [December  1976).) 
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DURATION  OF  EVENT 


NOTE-  Integrofion  performed  by  summing  (on  an  energy  basis) 
each  noise  level  within  10  dB  of  the  maximum  level. 

Figure  B7.  Integration  procedure  for  a single  noise  event.  (From  Planning  in  the  Noise  Environment,  Draft 
Joint  Services  Planning  Manual  [December  1976].) 


(SEL)  in  decibels.  As  an  illustration,  the  area  under 
the  curve  in  Figure  B7  represents  the  SE  of  the 
event. 

Cumulative  Measures 

While  the  A-weightcd  and  SEL  measures  are 
theoretically  appropriate  for  rating  the  noise  of  in- 
dividual “events.”  in  practice,  the  effects  of  noise  on 
people  and  their  activities  result  from  the  accumu- 
lated influence  of  many  events  occurring  during  a 
day.  Thus,  two  cumulative  measures  have  been 
developed  to  rate  the  noise  environment:  U,  and  Lj„. 

The  equivalent  noise  level  (U,)  is  an  energy  aver- 
age of  the  A-weighted  noise  levels  over  a selected 
time  period.  The  result  is  a continuous  noise  level 
that  is  the  energy  equivalent  of  the  fluctuating  noise 
signal  under  consideration.  L,,  is  computed  by; 

n 

U,  = 101og,„^  f,(IO)'''''"dB  lEqBh) 
i = I 

where  f,  = the  percent  of  time  the  signal  equals  L, 
L,  = the  i'*  sound  level  in  dB. 

The  typical  averaging  time  to  establish  the  equiva- 
lent level  is  I hour. 


Example 

A 24-hour  time  periixl  is  the  period  of  interest  and 
if  the  actual  sound  level  had  the  time  history  shown 
below,  what  would  the  24-hour  equivalent  level  U, 
(24)  be? 


6 hours 

55dBA 

1 2 hours 

70dBA 

4 hours 

75dBA 

2 hours 

60dBA 

;.o  L'  fdO)^''" 

dB 

n = I 

U = 101og,„[(6/24)l0’  * -I- (12/24)10’ 

-I-  (4/24)10’  * + (2/24)10*1  dB 
U,(24)  = 70  dB. 

Because  quiet  is  more  desirable  during  pcriixis  of 
relaxation  and  sleep,  and  because  the  cITects  of  a 
signal  are  accentuated  at  night  due  to  the  decrease  in 
background  levels,  noises  occurring  during  the 
nighttime  hours  are  usually  judged  to  be  more 
annoying  or  intrusive  than  those  (Kcurring  during 


h.S 


the  day.  To  account  tor  this,  the  was  developed. 
First,  the  day  is  divided  into  daytime  (()7(X)  to  22(X) 
hours)  and  nighttime  (220()  to  ()7(X)  hours)  periods. 
Then  the  day-night  L<.  sound  level  is  obtained  by 
energy-averaging  noise  levels  over  a 24-hour  period, 
and  applying  a 10-dB  penalty  to  nighttime  noise 
levels.  In  equation  form: 


U,.  = 10  log, „ 1/24(15(10)^'”’  -1-9(10)” 


where  U,  = U,  for  hours  0700-2200 
L»  = L,,  for  hours  2200-0700. 
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APPENDIX  C: 


Environmental  Attributes 


EXPLANATION  OF  NOISE  LEVELS 

This  appendix  sunimari/es  the  effects  of  various 
noise  levels  on  people  and  will  be  used  to  quantify 
the  impact  from  any  activity  which  changes  the  noise 
environment.  While  Federal,  state,  and  K>cal  regula- 
tions may  establish  other  legal  limits,  the  levels  pre- 
sented here  are  based  on  scicntilie  knowledge  and 
opinion  regarding  actual  impacts  and  not  on  legal 
requirements.  This  information  will  help  explain  the 
meaning  of  the  levels  in  terms  of  the  criteria  speci- 
fied in  the  CEO  guidelines. 

Noise  Measures 

Due  to  the  wide  variations  in  spectral  and  tem- 
poral characteristics  of  noise  sources,  a variety  of 
measures  and  rating  scales  have  been  developed  to 
quantify  noise.  While  one  measure  may  have  certain 
advantages  over  another,  for  the  purposes  of  the  as- 
sessment it  is  desirable  to  use  some  common 
measure  for  all  sources;  therefore,  only  the  measures 
listed  below  are  used  in  this  manual: 

1.  AL — A- Weighted  Sound  Level 

2.  CL  — C-Weighted  Sound  Level 

3.  SEL  — Sound  Exposure  Level 

4.  L,  — Equivalent  Noise  Level 

5.  L/„  — 24-Hour  Day-Night  Sound  Level. 

The  CL  and  AL  incorporate  the  frequency  and  the 
SEL  incorporates  the  temporal  characteristics  of  the 
noise  signal  into  a single  numerical  rating.  The  L-, 
and  Lu„  represent  the  cumulative  measures  of  the  AL 
and  SEL.  The  relationship  between  the  five  meas- 
ures is  illustrated  in  Figure  Cl  and  discussed  in  Ap- 
pendix B. 


As  stated  in  the  Introduction  in  Chapter  1 . various 
environmental  attributes  arc  affected  by  Army 
activities.  Specific  attributes  which  may  be  affected 
by  noise  include: 

1.  Physiological  maintenance 

2.  Sleep  performance 

3.  Task  performance 

4.  Aural  communications 

5.  TV/radio  communications 

6.  Land  use 

7.  Community  annoyance 

8.  Property  value. 

Because  of  a lack  of  conclusive  data  relating  spe- 
cific noise  levels  to  each  individual  attribute,  it  be- 
comes necessary  to  compress  the  list  into  three  inter- 
related factors.  Enough  information  has  been 
gathered  about  these  to  justify  establishing  specific 
criteria. 

1.  Health/ Welfare  Effects.  Interference  with  such 
activities  as  sleep,  speech,  and  task  performance;  or 
attributes  described  by  such  words  as  "annoyance." 
"nuisance  " and  "dissatisfaction." 

2.  Physiological  Effects.  Either  temporary  (e.g.. 
startle  reactions  and  temporary  hearing  threshold 
shifts)  or  permanent  (e.g..  hearing  damage  or  the 
cumulative  physiological  effects  of  prolonged  sleep 
loss). 

3.  Miscellaneous  Effects.  Includes  degradation  of 
the  environment,  and  effects  on  wildlife,  land  use 
changes,  and  changes  in  property  values. 


Healih/Welfarc  Effects 


T»bl*CI 

Recommended  Outdoor  Criterl*  for  Varioui  Land  L'aee 


"1 


Using  speech  interference  and  annoyance  as 
general  indicators,  the  U.S.  Environmental  Protec- 
tion Agency  specifies  that  no  significant  effect  on 
health  or  welfare  will  be  likely  to  cKcur  if  the  noise 
environment  has  an  E,,  value  Jess  than  55  dB.“  Con- 
sequently, this  level  represents  the  primary  criteria 
for  negligible  impact  in  residential  areas  for  infor- 
mation in  this  manual.*  As  the  level  increases,  the 
degree  of  impact  will  increase. 

1 able  Cl  lists  specific  noise  criteria  for  other  land 
uses.  Note  that  these  criteria  arc  all  specified  in 
terms  of  the  outdoor  noise  levels,  even  though  the 
noise-sensitive  activity  in  question  is  usually  indoors. 
The  average  noise  reduction  for  typical  building  con- 
struction was  used  to  translate  from  acceptable 
indoor  to  outdoor  criteria. 

Although  Table  Cl  treats  all  population  groups 
alike,  each  community  in  fact  will  react  differently  to 
noise.  Older  people  are  more  sensitive  to  sleep  dis- 
turbances and  less  able  to  return  to  sleep  when  sleep 
has  been  interrupted.  Higher-income  groups  are 
more  sensitive  to  environmental  quality  and  also 
more  likely  to  be  annoyed  by  noise.  Fear  of  a noise 
source,  such  as  fear  of  aircraft  crashes,  will  also 
increase  sensitivity.  In  addition,  individuals  within 
these  groups  may  vary  in  their  responses  based  on 
previous  exposure  and  other  social  variables. 

The  results  of  55  community  noise  histories  sum- 
marized in  Figure  C2  illustrate  the  data  variance. 
The  "no  reaction"  response  corresponds  to  an  L,,„ 
ranging  from  approximately  50  tobl  dB  with  a mean 
of  55  dB.  while  widespread  complaints  will  occur 
from  60  to  70  dB  with  a mean  of  65  dB. 

Thus,  to  account  for  this  variance,  any  criterion 
presented  must  be  based  upon  a statistical  measure 
of  human  reaction  to  noise.  A measure  of  impact  can 
therefore  be  either  the  percentage  of  population  that 
feels  highly  annoyed  about  a specific  level  (Figure 
O)  or  the  average  response  of  the  total  population 
(Figure  C4).  Note  in  Figure  C2  that  65  dB  pro- 


^'’Iniurmattnn  itn  i.vvftx  o/  Sinxi’  Rct^uixitf  to 

Protect  Public  Health  and  Wellare  Vt/ith  An  Adequate  Margin  of 
Safety.  550/9-74.004  (U.SfiPA.  March  i974». 

•The  55-dB  level  is  not  to  be  construed  as  ofTicial  Army  policy. 
Because  it  is  only  the  recommendation  of  the  authors  and  subject 
to  change,  final  implementation  should  be  coordinated  with  the 
user’s  major  command  and  the  DA  hnvironmental  Office. 


These  outdoor  tevels  are  established  by  the  Committee  on  Hearing 
and  Bioacoustics  |CHABA)*  and  the  Joint  Sen  ices  Planning 
Manual  (JSPM).** 


CHABA 

E.  L, 

JSPM 

E.  E, 

Residential 

55 

64 

Hospital 

55 

64 

Hotel,  Motel 

bO 

64 

Sch(H>l/  OutdiH)r  Teaching  Areas 

55 

64 

Church 

6(1 

64 

OlVicc  Buildings 

70 

6*) 

Theater 

70 

69 

Plavground.  Active  Sports 

70 

74 

Parks 

W) 

64 

Special  Purpose  OutdtHU  Areas 

»•* 

• •• 

*Cutdeli/tex  for  Prepartnyf  Pitvtnuimental  Impact  Statementx 
on  Soixe.  Draft  Report  of  CHABA  Working  Group  Number  h9 
(Committees  on  Hearing  and  Bioacoustics.  Pebruan  I97t) 
**Planntnfi  in  the  Hoise  fSnvtronment,  Draft  Joint  Semces 
Planning  Manual  (December  197b). 

••♦Outdoor  amphitheaters  or  other  critical  land  uses  requiring 
special  consideration  should  not  allow  new  intruding  noise  to  ex- 
ceed a level  5 dB  below  the  present  U,. 

duced  widespread  complaints;  this  translates  to  20 
percent  of  the  population  highly  annoyed  in  Figure 
C3  and  an  average  annoyance  of  little  to  nuxierate  in 
Figure  C4. 

In  this  statistical  format,  a much  more  definitive 
relationship  can  be  developed  between  percentage  of 
population  highly  annoyed  and  average  noise  level. 
Finally,  a summary  of  the  expected  human  effects 
for  outdoor  day-night  average  sound  levels  of  55.  65. 
and  75  dB.  in  terms  of  interference  with  speech  com- 
munication. community  reaction,  annoyance,  and 
attitude  is  provided  in  Table  C2, 

Physiological  Effects 

Whenever  noise  levels  exceed  75  dB,  there  is  the 
possibility  of  hearing  loss  and  other  noise-induced 
physiological  effects.  However,  since  a firm  link  be- 
tween community  noise  and  extra-auditory  disease 
has  not  yet  been  established,  the  assumption  must  be 
made  that  protection  against  noise-induced  hearing 
loss  will  be  sufficient  to  protect  against  severe  exira- 
auditory  health  etTects.  Thus,  as  the  average  noise 
level  increases  above  75  dB.  health  effects  other  than 
hearing  loss  may  become  important."' 

nu  I t'Vi'ls  u(  / rti  tnmntrn/uf  .V<ww  Rt'ifmsUv  to 
PrtfU'ct  Ruhlic  Health  and  y^'’elf^lre  With  an  Adequate  M ••'/pm  <1/ 
.Var«-fv.  5S0'9-74-()(>4  (USFPA.  March  1^74) 
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COMMUNITY  REACTION 


VlQarout  Cofnmunity 
Action 

Savorol  Threats  of 
Legal  Action, or  Stiong 
Appeals  to  Local 
Officials  to  Stop  Noise 


Widespread  Complaints 
or  dingle  Threat  of 
Legal  Action 


Sporadic  Comploints 


No  Reaction, 
Although  Noise  is 
Generally  Noticeable 


Figure  C2.  Community  reaction  to  many  types  of  intrusive  noise  as  a function  of  normalized  day' night  sound 
equivalent  level.  [From  Community  Noise,  NTID  300.3  [USEPA.  1971].) 


Day-NIgM  Avtrog*  SouiKl  L«v*l  , Dscibsli 


Figure  C3.  Generalized  annoyance  function.  (From 
Guidelines  for  Preparinft  environmental  Impact 
Statements  on  Noise.  Draft  Report  of  CHABA 
Working  Group  Number  69  [Committees  on  Hear- 
ing and  Bioacoustics,  February  1977].) 

The  definition  of  hearing  loss  currently  incorpo- 
rated in  many  hearing-damage  risk  criteria  is  ob- 
tained bv  a formula  which  uses  the  average  hearing 


level  at  0.5.  1.  and  2 kHz.  Nonthcless.  the  ability  to 
hear  frequencies  above  2 kHz  Is  important  for 
understanding  speech  and  other  signals.  In  fact,  the 
equal  discrimination  point  in  the  speech  spectrum 
has  been  determined  to  be  approxiniatciv  1.6  kHz; 
i.e..  frequencies  above  1.6  kHz  are  equal  in  impor- 
tance to  those  below  1.6  kHz  for  iinderslarKling 
speech.  As  a result,  protection  up  to  at  least  4 kHz  is 
necessary  to  insure  that  all  signifieanl  speech  fre- 
quencies are  also  protected." 

Much  hearing  loss  data  has  been  collected  from 
people  w ith  know  n histories  of  noise  exposure.  Com- 
paring the  levels  of  similar  age  groups  with  varying 
exposure  histories  reveals  evidence  of  hearing  losses. 

An  example  of  this  analysis  is  show  n in  T able  C3. 
which  simimarizes  the  expected  hearing  loss  for 
daily  8-hour  exposures  to  various  noise  levels  over 
long  peritxis  of  time.  As  indicated,  hearing  loss  in- 
creases with  both  intensity  of  exposure  and  duration. 

fhese  data  were  used  directly  to  generate  the 
curves  of  Figure  C5.  which  defines  the  criteria  for 
hearing  loss  (1,,„  greater  than  75  tlBI  as  well  as  those 

inftirifiatiitn  itn  I fvt  ls  ttf  i nvintfimviitti/  .Ntim  tit 

Protect  Puhfit  Hi'tilth  ami  ^^'cltari  \^'ith  an  AJcquuir  Mar/jin  of 
SaMv.  SSt)  ^ ‘'4.IH»4(I  SJ  PA.  March  l•^4) 


Table 


Siiinmai7  of  Human  Effect*  for  Outdoor  Day«Night  Average  Sound  Level*  of  55, 65,  and  70  dB 


(Krom  Guidelines  for  Preparing  Environmental  Impact  Statements  on  Noise.  Report  ofCHABA  Working  Group  Number  b9  (Committees 
on  Hearing  and  Bioacoustics.  Februar)  1977).) 


Magnilodc  of  Effect 

Type  ol  EOect 

L,.  = SSdB 

U.  = 65  dB 

U.  = 75  dB 

S peech — 1 nd  oors 

100  percent  sentence  intelligibility 
(average)  with  a 5-dB  margin  of 
safely 

99  percent  sentence  intelligibility 
(average)  with  a 4-dB  margin  of 
safety 

Sentence  intelligibility  (average)  less 
than  99  percent 

— Outd(K)rs 

too  percent  sentence  intelligibility 
(average)  at  0.35  m 

100  percent  sentence  intelligibility 
(average) at  0. 1 m 

100  percent  sentence  intelligibility  not 
possible  at  any  distance 

99  percent  sentence  intelligibility 
(average)  at  1.0  m 

99  percent  sentence  intelligibility 
(average) at  0.35  m 

99  percent  sentence  intelligibility 
(average)  at  0. 1 m 

9S  percent  sentence  inteUigibility 
(average)  at  3.5  m 

95  percent  sentence  intelligibility 
(average)  at  1.2  m 

95  percent  sentence  intelligibility 
(average)  at  0.35  m 

Average  Community 
Reaction 

None;  7 dB  below  level  of  signifi- 
cant “complaints  and  threats  of 
legal  action"  and  at  least  16  dB  be- 
low “vigorous  action"  (attitudes 
and  other  nonacoustical  factors 
may  modify  this  effect) 

Significant;  3 dB  above  level  of  sig- 
nificant “complaints  and  threats  of 
legal  action"  but  at  least  7 dB  below 
"vigorous  action"  (attitudes  and 
other  nonacoustical  factors  may 
mcxlilV  this  effect) 

Very  severe;  l3  dB  above  level  of  sig- 
nificant "complaints  and  legal  ac- 
tion” and  at  least  3 dB  above  “vig«>r- 
ous  action"  (attitudes  and  other  non- 
acoustical  factors  may  mtKlify  this 
effect) 

High  Annoyance 

5 percent,  depending  on  attitude 
and  other  nonacoustical  factors 

15  percent,  depending  on  attitude 
and  other  nonacoustical  factors 

37  percent,  depending  on  attitude  and 
other  nonacoustical  factors 

Attitudes  Toward 

Area 

Noise  essentially  the  least  important 
of  various  factors 

Noise  is  one  of  the  most  important 
adverse  aspects  of  the  community 

Noise  is  likely  to  be  the  most  im|xir- 
tant  of  all  adverse  aspects  of  the  com- 
munity 

Approximate  Day -Night  Average  SourKi  Level , Decibels 


Figure  C4.  Average  degree  of  annoyance  as  a function  of  L^..  (From  H.M.S.O.  Second  Sun'ey  of  Aircraft  Noise 
Annoyance  Around  London  [Heathrow]  Airport  [1971  j.) 
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Daily  8 Hour  Average  Sound  Level  (Leq(8)-dB) 

*N1PTS  means  noise-induced  permanent  threshold  shift  or  more  simply,  hearing  loss. 

Figure  C5.  Criteria  of  hearing  loss/severe  health  effects.  (From  Guidelines  for  Preparing  hnvironnienial  Im- 
pact Statements  on  Noise,  Draft  Report  of  CHABA  Working  Group  Number  6v  [Committees  on  Hearing  and 
Bioacoustics,  February  1977].) 

for  quantification  of  severe  health  effects.  Since 
individual  susceptibility  to  hearing  loss  should  also 
be  considered,  it  is  recommended  that  the  criteria 
for  the  most  sensitive  population  be  considered  for 
any  analysis. 

Miscellaneous  Effects 

Even  in  uninhabited  areas,  a significant  increase 
in  noise  will  constitute  an  impact.  The  environment 
may  be  degraded  because  the  increased  noise  affects 
wildlife  or  monuments,  because  it  destroys  the  tran- 
quility of  a wilderness  area,  or  because  it  makes  the 
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area  unsuitable  for  future  residential  development. 
In  each  case,  some  natural  resource  is  lost. 

This  degradation  should  be  quantified  using  the 
generalized  annoyance  function  in  Figure  C 2.  even 
though  there  are  no  actual  health  or  welfare  elfects. 
In  this  instance,  the  percentage  ot  populatii>n  highly 
annoyed  is  considered  a measure  of  the  emiron 
mental  degradation. 

Noise  generally  affects  animals  in  the  same 
manner  as  humans — hearing  toss,  masking  of  cimi 
munication.  and  behavioral  nonauditory  physiol<>gi- 


Table  O 


! 


Summan'  uf  Permanent  HeaHn^  Damage  Effects  Expected 
for  Continuous  Noise  Exposure 

(From  A Husis  for  l.imitin}*  Noisi-  Kxiutsurt  for  Hearotfi  Con- 
si  nation.  5S0/9-73-()()l-A  [USF'PA.  14^,1 1.) 

Hearing  Loss  (dB) 


Average 
of 0.5,  I, 


T.vpe  of  Kxposure 

Tjp« 

2,  4 kHz 

4 kHz 

■’SdBtorttHr 

NlF’lSAal  lOyrs 

1 

5 

NlPTS.„ai-l(lyrs 

2 

h 

8()ilBf<.r8Hr 

NIPT.Svo  at  to  yrs 

.t 

d 

NlPtS.„al40yrs 

4 

11 

SSilB  for  H Hr 

NlPT.S,„al  lO  yrs 

(1 

Itl 

NlP'IS.„al40yrs 

7 

Id 

'JOdBforttHr 

NIPTS^al  It) yrs 

12 

28 

NlPI,S,„at40yrs 

4 

24 

♦NirrS  (Noise  Induced  Pcnn.uicnt  Threshold  ShitO  is  the 
(x*rmanent  change  in  hearing  threshold  altrihutable  to  noise 
Nin  S^,,  represents  data  from  the  0()ih  percentile  point  of  popula- 
tion (i.e..  0()  percent  of  the  pe«>plc  have  l>etter  hearing  while  10 
percent  have  worse). 


L-((cc(s.  Atiinials  itre  addilioiially  iiiipiu'icil  by 
seasonal  laclors:  excessive  noise  ex|)osnre  linring 
breeding  or  mating  seasons  may  interlere  with  the 
ability  of  parent  birds  to  hatch  and  rear  their  young. 
Unfortiitiately,  there  is  tittle  data  with  which  to  re- 
late long-term  noise  exposure  to  the  well-being  of 
animals,  and  in  turn  relate  animal  well-being  to  the 
general  health  and  welfare  of  man.  Nevertheless,  the 
lack  of  a eause^effect  relationship  does  not  mean 
that  impacts  on  atiimals  should  be  ignored.  Until 
more  data  are  available,  it  is  assumed  that  the  ex- 
posure Ic'  cl  identitled  tt)  protect  man  will  also  pro- 
tect animals. 

Effects  of  Special  Noises 

1.  fligli-energy  impulsive  sounds  (artillerv  and 
blasting)  (see  Appetidix  U). 

2.  Infrasound  — lu't  within  the  scope  ol  this 
ma  nutd. 

Ultrasound  — not  within  the  scope  of  this 
maninil. 

4.  Vibration  — see  Appendix  F. 


APPENDIX  D: 

PREDICTION  OF  SPECIFIC  CONTOURS 

This  appendix  describes  the  use  of  analytic  niixlels 
to  generate  contours  for  the  Army-related  noise 
sources  listed  in  Table  Dl.  For  each  model,  back- 
ground information  is  (irovided  about  the  noise 
source,  followed  by  manual  procedures  for  estimat- 
ing the  noise  exposure  and  drawing  simpliTied  equal 
noise  contours.  Where  computer-generated  contours 
are  available,  information  concerning  the  necessary 
input  data  is  provided.  Finally,  examples  illustrate 
use  of  the  mixlel.  These  models  do  not  account  for 
shielding  effects  of  landforms,  buildings,  or  other 
barriers  located  between  one  source  and  observer.  In 
addition,  attenuation  due  to  atmospheric  absorption 
is  not  considered.  Only  the  unobstructed,  pure  con- 
tour is  presented.  Finally,  for  all  sources  except  blast 
noise,  the  A-weighted  sound  level  will  be  used  as  the 
descriptor.  For  blast  noise,  the  C-weighted  sound 
level  will  be  applied. 

Transportation  Noise— Railroad  Operations 

There  are  two  distinct  types  of  railroad  noise: 
noise  from  line  operations  involving  the  movement  of 
a train  from  one  point  to  another,  and  noise  from 
yard  siding  operations  involving  loading,  switching, 
storage,  and  maintenance.  Only  line  noise  is  appli- 
cable to  Army  facilities. 

Railroad  line  noise  has  an  engine  component  and 
a car  component.  The  engine  component  includes 
exhaust  and  casing  noises.  The  former  increases  with 


Tabk  Dl 

Organizalton  of  Appendix  D 


Noltc  Source 

Pagea 

Ground  Transpi>rtation 

Railway 

7.1 

Hijjhway 

75 

Combat  Vehicle  Maneuver 

H,1 

Construction 

X.1 

Aircraft  Operations 

Rotary-Win^ 

85 

Fixed-Wing 

98 

Ground  Operations 

98 

Impulse  Noise 

Blast'' Artillery 

lUI 

Pistol  Range 

KM 

horsepower,  while  the  latter  depends  on  both  horse- 
power ratings  and  RPM.  Car  noise  is  created  by  the 
interaction  of  steel  wheels  and  rails,  and  increases 
markedly  with  train  speed.  In  addition,  there  is 
wheel  "squeal"  when  a train  traverses  a tight  curve, 
and  impact  noise  when  w heels  pass  over  a joint,  frog, 
or  signal  junction.  The  train  horn  represents  another 
significant  source  of  noise. 

The  total  noise  exposure  from  line  operations  is  a 
function  of  both  the  noise  level  and  the  duration  of 
passby.  which  in  turn  depends  on  train  speed  and 
length. 

Evaluation  EroceJure 

To  evaluate  line  operations,  the  following  proce- 
dures have  been  developed,  based  on  several  simpli- 
fying assumptions  concerning  the  type,  length,  and 
speed  of  the  most  commonly  encountered  trains.  The 
analysis  is  valid  for  operations  on  level  grade,  with 
no  shielding  between  the  train  and  receiver. 

1.  Determine  the  SF.L  at  the  desired  distance  for 
typical  train  operations  from  Figure  Dl. 

2.  For  each  operation,  determine  U,  or  using: 

U = SF.L  -(-  10  log,„  N - .TS.b  U^q  Dl  ] 

= SFL  -t-  10  log,„  (N.,  -I-  10  NJ  - 4*1.4  |Fq  D21 

where  N = number  of  operations  within  a 1-hour 
period 

Nj  = number  of  daytime  10700-2200)  opera- 
tions 

N„  = number  of  nighttime  122(K)-0700)  opera- 
tions. 

.T  Correct  Lrf„  or  1,^  levels  according  to  the  condi- 
tions in  Table  D2.  In  the  case  of  multiple  variables, 
only  the  larger  value  should  be  used. 

Tabk  D2 

Adjustmenls  lii  or  U.  Conltrun  for  Railroads 

(From  Unpublished  notes  Ironi  Report  I't.tA.  Riehard  K Mdler 
and  Asscviales.) 

Adjuslmrnt 


Variabk  dB 

l.ow-spee<l  elassilied  jointed  Iraek  -4 

Presenee  ot'swilehinii  Iro^s  or  jjradc  crossing  -f  4 

right  radius  eune  less  than  (i(XI  It  (1X0  m)  ^ 4 

Presenee  of  hghi  steel  trestle  bridge  «ork  4 14 

Presenee  of  heavy  sleel  trestle  bridge  work  4 S 


7.1 


DISTANCE  TO  TRACK  CENTERLINE  IN  FEET 


Figure  Dl.  Variation  of  SEL  with  distance  for  trains.  (From  Plauninu  in  the  Noise  Environment.  Draft  Joint 


Services  Planning  Manual  [December  1976 1.) 

4.  If  several  trains  use  a particular  track,  logarilh- 
mically  add  L,,,  or  U„  values  for  each. 

5.  Adjust  values  to  different  distances  by  using 
Figure  1)1  for  other  distances  and  repeating  steps  1 
through  4. 

6.  Plot  noise  eonlours  by  drawing  lines  at  appro- 
priate distances  along  and  parallel  to  the  rails. 

Exaniple 

Ten  daytime  and  one  nighttime  freight  operations 
and  two  daytime  passenger  operations  (Kcur  over  a 
segment  of  welded  mainline  track.  One  section  of 
track  contains  a radius  of  less  than  6(K)  ft  (ISO  m). 
Find  U,„at500ft(l5()ni). 

.Step  I.  Determine  SFL  at  S(X)  It  ( KS)  m)  lor  each 


operation  using  Figure  Dl . 

SFL  = 90  for  freight 
SFL  = 8fi  for  passenger 

Step  2.  Deleiniine  Li..  for  each  operation  using 
Fil  1)2. 

1^„  = SF:L  f 10log,„(N,,  + 10  NJ  - 49.4  [Fq  1)2| 
=90-1-  log.odO  -f  KXD)  - 49.4 
= .S.L6  for  freight. 

=88  + 10  log,,,  (2  + KXO))  = 49.4 
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= 41.6  for  passenger. 


! 

Step  3.  Make  corrections  from  Table  D2  for  a 
I radius  less  than  600  ft  (180  m). 


and  track,  with  track  noise  dominant  in  those  ve- 
hicles so  equipped. 


Ui,  = 53.6  -f  4 = 57,6  for  freight 
U-  = 41.6  + 4 = 45.6  for  passenger 

Step  4.  Combine  U,,  values  from  each  operation. 

= 57.6  @ 45.6  = 57.6  dB. 

Transportation  Noise— Highway" 

Highway  noise  caused  by  private  and  combat  ve- 
hicles is  best  evaluated  by  dividing  private  vehicles 
into  automobile  and  truck  classes,  and  combat  ve- 
hicles into  transport  and  weapons  classes.  The  total 
noise  exposure  can  then  be  determined  from  the 
volume  Bow  and  the  average  speed  for  each  vehicle 
class. 

The  primary  noise  source  of  an  automobile  is  tire- 
roadway  interaction.  The  levels  increase  with  speed, 
as  illustrated  by  Figure  D2.  Trucks,  because  of  their 
source  characteristics,  should  be  subdivided  into 
three  classes:  light,  medium,  and  heavy.  Light  trucks 
are  two-axle,  four-wheeled  vehicles  (e.g.,  panel  and 
pickup)  whose  noise  levels  and  characteristics  are 
similar  to  those  of  automobiles.  Medium  trucks  are 
two-axle,  six-wheeled  vehicles  and  are  typically  gaso- 
line-powered. Although  their  noise  characteristics 
are  similar  to  those  of  automobiles,  medium  trucks 
are  usually  10  dB  noisier  for  the  same  Bow  and 
speed.  The  tire-roadway  interaction,  a major  source 
for  all  these  vehicles,  occurs  at  ground  level  and  is  a 
function  of  speed.  Heavy  trucks  are  diesel-powered, 
have  three  or  more  axles,  and  contain  many  noise- 
creating  mechanisms,  i.e..  tires,  exhaust,  engine,  and 
gears.  The  major  source — exhaust  noise — occurs  at 
the  stack  opening  which  is  normally  l(Kated  8 ft  (2.4 
m)  above  the  ground  and  is  not  generally  dependent 
on  road  speed. 

Combat  vehicles  can  be  divided  into  two  classes: 
troivp  transport  and  mobile  weapon  carriers.  Trans- 
port vehicles  ar-'  either  wheeled  or  a combination  of 
wheeled  and  tracked;  weapons  vehicles  arc  usually 
tracked.  Measurements  have  shown  that  all  combat 
vehicles  are  up  to  10  dB  noisier  than  heavy  trucks. 
The  major  noise  sources  are  the  engine,  drive  gears. 


‘*Hlunninfi  in  the  Noise  fCnvironment.  Draft  Joint  Services 
Planning  Manual  (December  1 97b). 


I'he  total  noise  exposure  from  a highway  is  a func- 
tion of  the  hourly  volume  Bow  and  the  average  speed 
(mph)  for  each  vehicle  class.  In  addition,  various 
roadway  factors  such  as  grade,  surface,  and  config- 
uration will  affect  the  levels. 

Because  roadways  are  not  infinitely  long  and 
straight,  they  are  often  evaluated  in  sections  based 
on  physical  conditions.  For  example,  dividing  a 
roadw  jy  whose  surface  is  rough  over  half  its  length 
into  a smooth  section  and  a rough  section  would  im- 
prove the  accuracy  of  the  noise  estimation. 

Evaluation  Procedure 

A computer  is  usually  required  to  accurately 
assess  detail  traffic  and  roadway  variables  in  the 
derivation  of  contours;  however,  for  an  assessment, 
the  manual  approach  presented  here  is  adequate. 
These  steps  are  illustrated  by  the  example  on  page 
77. 

1.  Prepare  the  matrix  form  (Figure  D3)  for  each 
segment  of  roadway. 

2.  Determine  the  average  speed  and  hourly 
volume  of  vehicles  in  each  class.  Note  that  the  auto- 
mobile class  consists  of  the  total: 

Automobiles  = A -(-  Lt  -I-  10  Ml  |Eq  D3| 

where  A = number  of  automobiles  hour 

Lt  = number  of  light  trucks  hour 

Mt  = number  of  medium  trucks 'hour. 

When  the  percentage  of  trucks  exceeds  4 percent, 
the  noise  impact  of  automobiles  can  be  neglected, 
since  their  level  is  more  than  10  dB  less  than  that  of 
trucks.  Whenver  data  on  mixture  of  traBic  is  not 
available,  assume  3.5  pereeni  heavy  trucks  and  %.5 
percent  automobiles. 

3.  Use  Figures  1)4  and  1)5  to  determine  the  hourlv 
U,  at  the  desired  distance  for  each  vehicle  class  in 
each  segment.  These  figures  are  for  a Bat.  infinitely 
long  roadway  with  no  harriers,  {heir  use  will  be  de- 
tailed in  the  exanqile  w hich  follows. 
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Figure  D2.  Dependence  of  automobile  noise  emissions  on  speed.  (From  Planning  in  the  Noise  Environment. 
Draft  Joint  Services  Planning  Manual  [December  1976].) 


4.  Make  the  following  adjustments  to  the  L,,  of 
each  vehicle  class  in  each  segment. 

a.  Subtract  the  value  determined  in  Figure  D6 
based  on  the  angle  of  observation  0). 

b.  Add  3 dH  to  the  L,  I'f  all  wheeled  vehicles 
where  the  roadway  is  unusually  rottgh.  i.e..  broken 
pavement  t>r  large  voids  and  grooves  in  the  surface. 

c.  On  segments  with  gradients,  add  to  the  1,,  o) 
transport  and  heavy  trucks  the  adjustments  trom 
fable  D3. 

5.  Sum  the  adjustments  to  obtain  an  U,  value  for 
each  vehicle  class. 

6.  Sum  the  U.,  for  each  vehicle  class  to  obtain  L, 
for  each  segment. 

7.  Stim  the  U,  for  each  segment  to  obtain  an  L, 
for  the  entire  highway. 

b.  C onvert  from  U,  to  Ui.,  using  fable  D4. 


Table  D3 

Adjustment  in  dB  for  Roadway  Gradient 


(From  FUinninfi  in  the  Noisv  Unvironmt-nf.  Draft  Joint  Scrstccs 
Planning  Manual  IDccember  W7h|.) 


Average  Speed  (mph) 

Peri-enl  Grade  <20 

20-.3.S  -3.S 

1 4 

3 2 

2 5 

4 3 

-t  h 

5 4 

4 ■’ 

h S 

5 H 

7 h 

Table  D4 

Adjustment  of  L.. 

to  L,, 

(From  Ffannin^  in  the  NtnsE  Fnytronfnfut.  Draft  .Servlet’s 

Planning  Manual  [December 

% Day  Operations 

Add  to 

b2.S 

■*5 

2 

H5 

1 

‘X) 

(1 

- I 

KM) 

-.1 

HEAVY 

TRUCKS 


AUTOMOBILES  TRANSPORT 
VEHICLES 


WEAPONS 

VEHICLES 


AVERAGE  SPEED (MPH) 

HOURLY  VOLUME 

Leg 

SEGMENT  AOJ 

GRADIENT  ADJ 

sa 

ss 

ROUGHNESS  AOJ 

ADJUSTED  Leg 

SEGMENT  Leq 

Flgoic  D3.  Matrix  used  in  highway  noise  analysis. 


9.  To  obtain  contours,  the  roadway  must  be  con- 
sidered as  an  infinitely  long  single  segment.  Within 
this  constraint,  the  L,,  or  values  can  be  adjusted 
for  other  distances  (Y)  by: 

Adjustment  =— 15  log, 0 Y/X  [Eq  D41 

Contours  can  then  be  drawn  at  appropriate  dis- 
tances from  the  center  line,  parallel  to  the  sections  of 
roadway  under  study. 

Example 

Find  the  U,,  value  at  a site  located  200  ft  (60  m) 
from  a highway  having  the  following  operational 
characteristics: 

1.  Vehicle  flow — 20  heavy  trucks  per  hour  @ 20 
mph  (8.9  m/sec) 

— 2(XX)  automobiles  per  hour  iS  30 
mph  (13.4  m/sec) 

— 50  medium  trucks  per  hour  @ 
.30  mph  (1 3.4  m/sec) 


3.  Half  of  road  is  flat;  half  has  2 percent  grade 

4.  Change  of  grade  occurs  directly  opposite  site 
(Figure  D7). 

Step  I.  Create  a matrix  for  each  segment  (Figure 
D8). 

Step  2.  Fill  in  rows  I and  2 of  each  segment  matrix 
using  operational  information  and  Hq  D3. 

Step  3.  Using  Figure  D9.  determine  the  U,,  at  2(X) 
ft  (60  m)  for  each  class  of  vehicle. 

a.  From  the  pivot  point  in  Figure  D9.  draw  a 
line  through  the  average  speed  (20  mph  |8.9  m sec) 
for  trucks  and  .30  mph  [13.4  m 'sec]  for  automobiles) 
and  extend  it  until  line  A is  intersected. 

b.  From  this  intersection,  draw  another  line  to 
the  appropriate  vehicle  volume  (20  for  heavy  trucks 
and  25(K)  for  automobiles).  Circle  each  intersection 
with  line  B. 


2.  Fifteen  percent  of  vehicle  flow  occurs  at  night 
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c.  From  line  B,  draw  a line  to  the  appnipriate 


NOMOGRAPH  FOR  STREET  VEHICLE  ROADWAY  NOISE 


merit.  Draft  Joint  Services  Planning  Manual  (December  1976].) 


71) 


Figure  D6.  Adjustments  to  account  for  finite  lengths  of  roadway  segment.  (From  Highway  Noise.  A Design 
Guide  for  Highway  Engineers,  National  Cooperative  Highway  Research  Program  Report  117  [NCHRP.  1971 J.) 
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Figure  D7.  Layout  of  example  problem. 
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Figure  D8.  Highway  noise  worksheet. 


distance  between  the  observer  and  the  highway  (2(X) 
ft  [60  m]  in  this  case). 

d.  At  the  intersection  of  this  line  and  the  U, 
scale,  read  the  L,,  value  (64  for  heavy  trucks  and  59 
for  automobiles  and  medium  trucks). 

e.  Fill  in  row  3 of  each  segment  matrix  with 
these  values. 

Step  4.  Fill  in  rows  4 through  7 of  each  matrix 
with  the  following  ad  justments. 

a.  Place  —3  dB  in  row  4 of  both  segments  for 
angle  adjustment  (from  Figure  D6,  6 = 90°). 


b.  Place  +4  dB  in  row  5 of  2nd  segment  for 
grade  adjustment  (from  Table  1)3,  grade  = 2 per- 
cent; speed  = 20-35  mph). 

Step  5.  Compute  row  8 of  each  matrix  by  slimming 
rows  3 through  7. 

Step  6.  Compute  row  9 ol  each  segment  by  sum- 
ming the  Uj  from  each  vehicle  class. 

Step  7.  Determine  fiom  both  segments 
Total  U,  = 66  -(-  62  = 67 

Step  S.  Convert  U,  to  1^.  w ith  the  adjustments  in 
lable  1)4. 
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l^„  = Lj  + aiij  =67  + 1 = bH 


Combat  Vehicle  Maneuvers 

Whenever  maneuvers  are  being  held  in  an  area, 
the  eomplexity  of  the  noise  problem  is  increased  be- 
cause the  roadway  is  not  fixed.  Since  a predictive 
priK-edure  has  not  yet  been  developed  for  this  source, 
the  recommendation  would  be  to  measure  the  noise 
levels  from  several  locations  and  then  use  the  follow- 
ing steps  to  calculate  or  L,,- 

1.  Outline  area  of  operation  and  pick  four 
measuring  points  in  different  kKations.  but  a fixed 
distance  from  the  perimeter  of  the  area  (Figure  DIO). 

2.  Measure  SEL  value  of  operation  at  each  loca- 
tion for  I hour  during  a peritxl  of  heavy  usage  using 
prcKcdures  outlined  in  Appendix  E. 

.V  Calculate  average  SEL  using 

SEL  = log.„i  £ 10 lEqDS] 
i = l 

where  SEL,  = SEL  at  the  i'’’  location 

n = number  of  locations. 

4.  Use  Eqs  D6  and  D7  to  find  L,,„  or  L,, 

U = SEL  + 10  log,„  D - 35.6  [Eq  Db) 

U,,  = SEL  + 10  log.otD,  + 10  D„)  - 49.4  [Eq  D7| 

where  D = duration  of  event  in  seconds  during 
1 - hour  measurement  period 
Dj  = duration  of  event  in  daytime  |0'’(X)- 
22(X))  in  seconds 

D„  = duration  of  event  in  nighttime  I07{K)- 
22(X)]  in  seconds. 


5.  Make  distance  adjustment  using 

ADJ  = -l5log,„Y/X  |EqD81 

where  X = distance  of  microphone  from  boundary 
Y = other  distances  ot  interest. 

6.  Draw  contours  by  plotting  or  U,  values  at 
various  distances  Y trom  the  boundary  (Figure  DIO). 

Construction 

Noise  from  construction  operations  is  different 
from  other  major  sources  for  two  reasons.  First,  it  is 
caused  by  many  types  of  equipment.  Second,  the  re- 
sultant adverse  effects  (annoyance,  speech  and  sleep 
interference,  etc.)  will  he  temporary  because  the 
operation  is  relatively  temporary.  In  addition,  since 
construction  usually  (Kcurs  during  the  day,  there  is  a 
minimum  of  sleep  interference.  Thus,  to  develop  an 
evaluation  procedure  for  construction  noise,  the  time 
and  detail  involved  must  be  weighed  carefully 
against  its  unique  and  temporary  nature. 

The  basic  unit  of  construction  activity  is  the  con- 
struction site,  which  exists  in  both  time  and  space. 
The  time  dimension  consists  of  the  following  five 
phases  which  change  the  character  of  the  site's  out- 
put as  work  progresses:  ground  clearing,  excavation, 
foundation,  erection,  and  finishing.  Each  phase  is 
characterized  by  certain  types  of  equipment,  each  of 
which  has  its  own  random  operation.  Thus,  to  accur- 
ately compute  the  noise  exposure  from  a site,  the 
following  information  must  be  integrated  with  each 
piece  of  equipment  during  each  phase: 

I I he  timc-varvmg  historv  of  the  noise  emitted 
by  the  equipment 

2.  riie  time-sarMng  history  ot  the  l<K-atioti  ol  the 
equipment 


Table  D5 

Example  of  Construction  Usage  Factor  Technique 
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50 
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S 

K 
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•3 

4 

e 

9 

c 

u. 

B 

U 

Finishini 

5 

U] 

U,  at  50 
(from  Eq 

Air  compressor 

(81  )• 

— 

1.0 

0.4 

0.4 

0.4 

480 

77.8 

Backhoe 

(85) 

0.04 

O.lb 

0.4 

— 

0.04 

200 

78.0 

Concrete  mixer 

(85) 

— 

— 

0.4 

O.lb 

o.lb 

208 

78.2 

Crane,  mobile 

(8.1) 

— 

— 

— 

0.08 

0.04 

20 

bb.O 

Dozer 

(87) 

0.2 

0.4 

— 

_ 

0.04 

104 

71.2 

Generator 

(78) 

0.4 

0.4 

_ 

— 

— 

120 

bS.8 

Grader 

(85) 

0.05 

— 

— 

— 

0.02 

7 

b.1.5 

Total  U, 

ai  Site* 

84.1 

•U^  at  site  equals  logarithmic  addition  of  U,  values  of  all  the  individual  pieces  of  equipment  on 
the  site. 


Ideally,  these  factors  should  be  measured  directly. 
However,  since  construction  is  dynamic  in  nature,  by 
the  time  one  phase  could  be  measured  and  analyzed, 
it  would  be  well  under  way  or  even  completed.  I'hus, 
the  process  of  evaluating  alternatives  or  mitigation 
techniques  would  be  wasted.  However,  by  making 
some  assumptions,  the  evaluation  process  can  be 
reduced  to  the  form  illustrated  in  Table  DS.'” 

For  this  method,  each  source  is  assumed  to  be  the 
same  distance  from  the  observer;  the  total  L,,  of  that 
source  for  the  entire  operation  is  calculated  by: 

1 ^ 

L. , - L + 10  logio  Y I!  Ui  • Ti 
i = l 

where  Ui  = usage  factor  of  i'*  phase  (Table  D5) 

Ti  = total  time  (hours)  of  i'*  phase 
T = total  time  (hours)  required  for  entire 
_ construction  project 
L = average  noise  level  during  actual  oper- 
ating cycle. 

The  individual  L.,  values  for  each  piece  of  equip- 
ment are  then  summed  logarithmically  to  determine 
the  total  noise  exposure  from  the  site.  While  this 
methixl  will  probably  be  adopted  for  future  use. 
there  are  not  enough  recorded  data  on  the  usage 
factor  to  make  its  use  practical.  Thus,  the  best  evalu- 
ation procedure  in  terms  of  time,  accuracy,  and  the 
state  of  the  art  is  the  following. 

front  Construction  Equipment  anj  Opcnifnnts.  ftuihf 
infi  equipment  and  fiomc  Appliances.  NIII)  VX)  I (USI-P.A. 
I^'^l). 


Evaluation  Procedure 

1.  Using  Table  D6.  determine  the  L,,  from  the 
site  for  each  phase  of  construction.  This  is  based  on: 

a.  The  basic  type  of  construction 

b.  Anticipated  usage  of  all  pertinent  equipment 
or  minimum  required  equipment  at  the  site. 

2.  Determine  U,  from  the  site  for  the  entire  oper- 
ation using  Eq  D9. 

L,  = I0log,„Y.L  ^T.dO)*-'  [EqD9j 

where  L,  = L,,  for  the  i"'  phase  from  Table  Db 

T,  = total  time  duration  i'*  phase  from  fable 
Db 

T = total  time  of  operation  from  the  time 
initial  phase  (i  = I)  begins  until  the 
final  phase  (i  = N)  begins 
N = number  of  phases. 

-T  Correct  L,,  to  distance  (X)  of  interest  from  site 
using: 

ADJ  = -2()log,„lX  -t-  250]  -I-  4«  [Hq  DIO] 
where  X is  distance  in  feet  from  the  boundarv. 

4.  Change  L,,  to  using  fable  1)7. 

5.  Draw  U,  or  Lj.  eonlours  around  the  site. 
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Table  D6 

Equivalent  Suund  Levels  In  dBA 
for  Various  Construiilon  Activities* 

(Ij'iiin  iinpiihllshed  miles  Iruiii  Kepml  IWIA.  Kichiint  K Miller 
ami  AsMK'iiilcs.l 

Office  Roads  and 
Building  Highways,  Commercial 
Domestic  Hotel  Sewers  and  Industrial 
Type  Housing  Hospital  Trenches  Structures 


Phase 

I 

11 

I 

II 

1 

II 

I 

II 

1.  Ground 
Clearing 

8,3 

8.3 

84 

84 

84 

84 

84 

8.3 

2.  Excavation 

88 

75 

86 

79 

88 

78 

89 

71 

3.  Foundations 

81 

81 

78 

78 

88 

88 

77 

77 

4.  Erection 

81 

65 

87 

75 

79 

78 

84 

72 

5.  Finishing 

88 

72 

89 

75 

84 

84 

89 

■’4 

I All  pertinent  equipment  present  at  site, 

II  Minimum  required  equipment  at  site. 

•This  table  presents  typical  ranges  ot  noise  levels  calculated  for 
four  types  of  construction  with  either  all  or  minimum  equipment 
at  the  site.  The  levels  are  categorized  into  the  five  phases  dis- 
cussed in  the  text.  The  noise  levels  have  been  derived  using  the 
following  assumptions:  (1)  each  item  of  equipment  operates 
randomly,  (2)  the  noisiest  piece  of  equipment  is  located  SO  ft 
(IS  m)  from  the  site  boundary,  and  (3)  all  other  equipment  is 
l(K3ted  2(X)  ft  (60  m)  from  the  site  boundary. 

Example 

A construction  operation  consists  of  ground  clear- 
ing and  excavation  for  domestic  housing.  If  the  total 
scheduled  time  from  start  to  finish  is  3 months  or 
2160  hours,  compute  the  at  a site  200  ft  (60  m) 
from  the  project.  Assume  the  following  conditions: 

1 . All  pertinent  equipment  will  be  used 

2.  All  activity  occurs  during  the  day  (0700-22(X)) 

3.  Ground  clearing  is  scheduled  for  300  hours 

4.  Excavation  is  scheduled  for  KXX)  hours. 

Step  1.  From  Table  Db,  determine  L,,  at  the 
boundary  of  the  construction  site  for  each  phase: 

Excavation  - 88  dB 

Ground  clearing  - 83  dB 

Step  2.  Determine  L.,  for  the  total  operation 
using  Eq  D*!. 

U,  = I0log,„i  L T.dOl'-  lKqD4| 

' i = I 


TabI*  D7 

Adjustment  for  L,,  to  L.,,  (Construction! 


% Night  Operations  Add  to  Lv^ 

II  II 

.S  I..S 

1(1  .t 

15  4 

25  5 

,37,5  6 

.50  7.5 

75 

I (HI  10 


= 101og,„  1/21601,300(10)''’  + IdOOdO)"*] 

= 85  dB 

Step  3.  Correct  L,„  to  desired  distance  from  site 
using  Eq  DIO. 

ADJ  = -201og.o[X  -(-  250]  + 48  (EqDlOl 

ADJ  = -20log,„[450)  -f'48 
= -5 

U,  = 85  - 5 = 80  dB 

Step  4.  Convert  to  Since  all  activity  occurs 
during  the  day.  = 80  dB. 

Rotary-Wing  Aircraft 

Evaluation  of  rotary-wing  aircraft  has  previously 
been  combined  with  general  airport  operations; 
however,  its  unique  characteristics  and  extensive 
Army  usage  have  led  to  the  development  of  predic- 
tion models.  As  a result,  it  can  now  be  evaluated  as 
an  autonomous  source. 

With  rotary-wing  aircraft,  both  the  engine  and 
rotary  system  arc  principal  noise  sources  consisting 
of  five  major  components:  rotor  blade  slap,  tail  rotor 
rotational  noise,  main  rotor  broad  band  and  rota- 
tional noise,  turbine  engine  noise,  and  transmission 
noise. 

The  dominant  noise  consists  of  air  How  past  the 
helicopter  blade  (rotor  blade  slap).  In  addition, 
blade  slap  is  caused  both  by  the  cutting  of  one 
blade’s  lip  vortices  by  another  blade  and  by  transient 
sliiK-k.  Blade  slap  is  a distinctive,  low-frequency 
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throbbing  sound  which  increases  during  descent, 
maneuvering,  and  high-speed  cruise  operations. 

Evaluation  Procedure 


corridor.  If  altitude  information  is  not  available,  as- 
sume an  average  altitude  of  300  ft  (91  m). 


The  prediction  procedure  for  helicopters  is  a 
modification  of  CERL  publication  N-IO.’"  Gener- 
ating noise  contours  involves  six  steps; 

1 . Laying  out  corridors  and  zones 

2.  Tabulating  number  of  operations 

3.  Description  of  altitude  profiles 

4.  Separation  of  corridors  and  zones 

5.  Calculations  of  noise  impact 

6.  Mapping  of  contours. 

The  example  problem  below  details  the  procedure. 
The  70  L/„  contour  is  the  level  of  interest. 

Example’  ‘ 

Figure  Dll  is  a sketch  of  a hypothetical  base.  The 
parallel  taxiway  handles  approximately  one-fourth 
of  the  rotary-wing  traffic  and  is  used  to  practice 
“touch-and-go.”  Operational  helipads  1,  2,  and  3 
are  used  for  the  rest  of  the  helicopter  flights.  There 
are  two  training  areas  south  of  the  base:  Field  Train- 
ing Exercise  (FTX)  and  Nap  of  the  Earth  (NOE)  field 
areas.  To  reach  them,  aircraft  follow  the  highway 
west  of  the  base  and  the  railroad  tracks,  respectively. 
Departures  are  usually  straight-out,  and  approaches 
use  the  south  pattern  from  the  helipad  to  get  to  the 
corridors. 

Step  1.  Lay  Out  Corridors  and  Zones  for  All 
Operations.  First,  place  aircraft  that  follow  a 
particular  route  inside  a corridor.  Whenever  it  is  not 
possible  to  draw  corridors  due  to  the  somewhat 
random  nature  of  rotary-wing  flight,  zones  should  be 
drawn  to  represent  land  overflown  by  most  of  the  air- 
craft performing  the  activity. 

Activity  around  airfields  is  treated  as  a normal 

"P.  Schomcr  and  B.  Homans.  Vxer  Munuol  /nu  nm  Protv 
t/urp  for  Planning  Porur\-iVinf}  Aircraft  Traffic  Patterns  anti 
Siting  Soisp'Sensitive  land  i’ses.  Interim  Report  N 10  ADA 
O.H4.SO(rKRt..  Sepfemher  1976). 

"P.  Schomcr  and  B.  Homans. 


If  the  average  daily  number  of  operations  for  any 
activity  (training,  VIP  transport,  medical  assistance) 
is  less  than  10,  no  corridors  or  zones  should  be 
drawn. 

Figure  DI2  shows  the  corridors  and  zones  on  the 
example  base.  Zones  are  drawn  around  the  FTX  and 
NOE  areas  and  around  the  helipad  patterns.  Cor- 
ridors are  drawn  for  the  “touch-and-go”  operations 
and  the  (light  routes  to  the  FTX  and  NOE  areas. 

Step  2.  Record  the  Number  of  Daily  Operations 
for  Each  Corridor  and  Zone.  An  operation  is  defined 
as  a takeoff  or  landing  in  a pattern  or  a tly-by  in  a 
corridor.  A "touch-and-go"  is  counted  as  two  oper- 
ations. 

Figure  D13  shows  these  operations  for  each  zone 
and  corridor.  There  are  70  operations  along  the 
highway  route  to  the  FTX  area;  35  arc  departures 
and  35  are  arrivals.  The  NOE  route  along  the  rail- 
road tracks  handles  IbO  average  daily  oper- 
ations— 80  arrivals  and  80  departures.  The  airfield 
handles  160  -t-  70,  or  230  operations. 

Step  3.  Describe  Average  Altitude  Profiles  in 
Each  Corridor.  This  information  can  be  obtained 
from  personnel  familiar  with  the  airfield  and  its 
operation.  As  illustrated  in  Figure  D14.  rotary-wing 
aircraft  cruise  at  1500  ft  (457  m)  above  ground  level 
(AGL)  along  the  highway  route  and  1000  ft  (305  m) 
along  most  of  the  railroad  route.  Transition  points 
(change  from  ascent/ descent  to  level  flight)  are  indi- 
cated with  bars  perpendicular  to  the  corridors. 

Step  4.  Separate  Corridors  and  Zones.  Usually, 
the  number  of  sections  should  be  limited  to  15  or 
less.  Reductions  can  be  accomplished  by  simplifying 
altitude  profiles  or  by  grouping  nearby  corridors. 
These  sections  are  illustrated  in  Figure  DI5  and 
listed  in  Table  D8. 

Step  5.  Calculate  Noise  Impact.  The  impact  from 
each  corridor  and  zone  should  be  analyzed  in  the 
following  order; 

a.  Corridors  of  constant  altitude  (Sections  5 
and  6 in  Table  D8) 

b.  Corridors  of  ascent  and  descent  (Sections  3. 
4.  and  7 in  Table  D8) 


i 


i 

'I 
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c.  Zones  (Sections  1 . 2.  8,  and  9 in  Table  1)8). 


Table  D8 

Average  Dail>  Operalioni  for  Sections 

(From  P.  Schomer  and  B.  Hi>mans.  Hwr  Manual  Intvrim  Pnu  t'- 
Jure  fttr  Planning  R alary- W in fi  Ain  rafi  I raffic  Patterns  ami 
Siiinfi  SaisvSvnsitivv  Land  Usen.  Interim  Report  N-U)/Al)A 
031450  K'FKL.  September  19761.) 


Section  No. 

(See  Figure  D15) 

Altitucie 

In  Ft  AGL 

Average  Daily 
Operatlone* 

1 

/.Dnc 

hO 

2 

Zone 

115 

5«).  1 .S(K) 

(152-457  m) 

70 

4 

.5(X)-10(X) 

(l52-.105m) 

160 

5 

1500 
(457  m) 

70 

6 

1000 
(305  m) 

160 

7 

400-1000 
(1 22-305  m) 

no 

8 

Zone 

70 

•9 

Zone 

160 

♦information  taken  from  Figure  DI3. 


a.  Corridors  of  Constant  Altitude.  Figure  D16  illus- 
trates the  concept  of  contouring.  Point  0 in  this 
figure  represents  a spot  along  the  corridor  directly 
below  the  aircraft.  Slant  distance,  altitude,  and 
ground  distance  have  all  been  defined  and  labeled. 
To  plot  contours; 


(1)  Use  Table  D9  to  find  applicable  slant  distance 
to  the  70  contour  for  the  appropriate  number  of 
operations. 

(2)  Calculate  ground  distance  using 

Ground  distance  (X)  = (S^  - a']'''forS  > a 

= 0forS<a  [EqDII) 
where  S = slant  distance 

a = altitude  of  aircraft. 

(3)  Draw  contours  by  measuring  this  ground  dis- 
tance from  the  center  of  the  corridor  at  several  lo- 
cations and  drawing  a pair  of  lines  paralleling  the 
original  corridor. 


The  following  steps  are  used  to  calculate  Section  6 
in  Table  D8. 

1.  From  fable  D8,  there  are  IbO  operations  at 
KXX)  ft  (3(X)  m)  AGL.  From  Table  D9  the  slan  dis- 
tance is  14(X)  ft  (427  m). 

2.  Ground  distance  = [S'  — a')'"  (Eq  Dl  I ) 

= |I4(X)'  - l(XX)'r" 

= 980  ft  (299  m) 

3.  The  contours  are  drawn  in  Figure  D 1 7. 

The  following  steps  are  used  to  calculate  Section  5 
in  Table  D8. 

1.  From  Table  D8.  there  are  70  operations  at  I5(X) 
ft  (450  m)  AGL.  Using  Table  D9,  the  slant  distance 
is  750  ft  (229  m). 

2.  Ground  distance  (X)  = [S'  — a']‘"  (Eq  Dl  1 ] 

= (750'  - 1500')’" 

= 0 (since  S is  < a) 

Since  the  slant  distance  is  shorter  than  the  altitude, 
there  is  no  70  La„  contour  for  this  activity. 

b.  Corridors  of  Ascent  and  Descent.  Assuming  that 
altitude  transition  is  one  segment  and  that  the  air- 
craft are  ascending/descending  at  a constant  rate, 
the  following  steps  can  be  used  to  generate  contours. 

1.  Use  Table  D9  and  the  number  of  operations  to 
determine  the  slant  distance. 

2.  Calculate  the  ground  distance  for  the  upper 
and  lower  altitudes  using  Eq  Dll.  Measure  these 
points  perpendicular  to  the  center  of  the  corridor 
where  the  corresponding  altitudes  are  attained. 

3.  Connect  the  measured  points  on  both  sides  of 
the  corridor  to  generate  contours. 

Ascending  and  descending  turns  are  handled 
similarly.  However,  in  addition  to  the  starting  and 
ending  altitude  points,  the  corridor  should  be 
evaluated  at  two  other  sections.  In  Figure  DI8  an 
ascending  turn  starts  at  altitude  W and  ends  at  Z. 
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Helicopter  Ir^  Flight 


AGL  = Above  ground  distance 

Ground  Distance  = Distance  along  ground  measured  from  the  projection  of  the  aircraft  on  the  ground 
to  the  observer 

Slant  Distance  = Distance  measured  from  the  observer  to  the  center  of  the  corridor 

Figure  D16.  Definition  of  contouring  terms.  (From  P.  Schomer  and  B.  Homans,  User  Manual:  Interim  Proce- 
dure for  Planning  Rotary-Wing  Aircraft  Tra  ffic  Patterns  and  Siting  Noise-Sensitive  Land  Uses.  Interim  Report 
N-10/ADA031450  [CERL,  September  1976].) 


The  corridor  has  been  trisected  at  X and  Y,  where  X 
= 1/3  (W  + Z)  and  Y = 2/3  (W  + Z).  Ground  dis- 
tances are  then  calculated  for  each  of  these  altitudes. 

contours  are  drawn  by  measuring  this  ground 
distance  perpendicular  to  the  curve  and  connecting 
the  measured  points.  When  the  turn  segment  ex- 
ceeds 90  degrees,  the  turn  should  be  divided  into 
more  than  three  sections. 

The  following  steps  are  used  to  calculate  Section  7 
in  Table  D8, 

1.  There  are  110  operations  that  change  altitude 
from  400  to  1000  ft  (122-.305  m)  AGL.  From  Table 
D9,  the  slant  distance  is  1 100  ft  (335  m). 

2.  Calculate  ground  distance  for  upper  and  lower 
altitudes. 

Ground  distance  for  lower  altitude  (4(X)  ft  ( 1 22  m) 


AGL]  = (S^  - a^r'^  = (1100^  - 400']-'^ 

= 1025  ft  (312  m)  AGL  [EqDll] 

Ground  distance  for  upper  altitude  [KXX)  ft 
(305  m)  AGL]  = [1100'  - KXXPj'" 

= 458  ft  (140  m) 

3.  At  the  point  on  the  ground  where  4<X)  ft  (122  m) 
AGL  altitude  is  attained,  the  ground  distance  of 
1025  ft  (312  m)  is  measured  perpendicular  to  the 
center  of  the  corridor.  Similarly,  458  ft  (140  m) 
ground  distance  is  measured  perpendicular  to  the 
center  of  the  corridor  where  UXX)  ft  (.305  m)  AGL 
altitude  is  attained. 

4.  Straight  lines  are  then  drawn  conneeting  the 
measured  point  on  both  sides  of  the  corridor  to  gen- 
erate two  contours  (Figure  D19). 


Aircraft  In  Flight 
— Center  of  Corridor 


a.  Head-on  view  of  helicopter  in  flight. 


b.  Perspective  view  showing  altitude  slant  distance,  center  of  corridor,  and  the  contour  lines  paralleling  the 
corridor. 

Figure  D17.  Drawing  contours  for  section  6,  (From  P.  Schomcr  and  B.  Homans,  User  Manual:  Interim  Proce- 
dure for  Planning  Rotary  Wing  A ircraft  Traffic  Patterns  and  Siting  Noise-Sensitive  I and  Uses.  I ntcrim  Report 
N-I0/ADA031450  (CERL,  September  1976),) 
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Table  OV 


Figure  D18.  Perspective  view  of  ascending  turn. 
(From  P.  Schomer  and  B.  Homans.  User  Manual: 
Interim  Procedure  for  Planning  Rotary-Wing  Air- 
craft Traffic  Patterns  and  Siting  Noise-Sensitive 
Land  Uses.  Interim  Report  N-10/ADA031450 
[CERL.  September  1976].) 

This  same  procedure  is  used  for  Section  4 in  Table 
D8. 

The  following  steps  are  used  to  calculate  Section  3 
in  Table  D8. 

1.  There  are  90  operations  with  an  altitude 
change  from  5(X)  to  1500  ft  (152  to  456  m)  AGL. 
Using  Table  D9,  the  slant  distance  is  750  ft  (229  m). 

2.  Calculate  ground  distance  for  upper  and  lower 
altitudes. 

Ground  distance  for  lower  altitude  [500  ft  (152  m) 
AGL] 

X = [S'  - a']‘''  [EqDll] 

= (750'  - 500']’'' 

= 559  ft  (168  m) 

Ground  distance  for  upper  altitude  [1500  ft 
(456  m)  AGL] 

X = [S' - a']"'  [EqDIIl 

= [750'  - llOO']'" 

= 0 (since  S < a) 

3.  The  70  contour  vanishes  along  the  corridor 
when  [S'  — a']"'  = 0,  or  at  750  ft  (220  m)  AGL. 
Since  the  rate  of  ascent  is  presumed  to  be  steady,  this 
altitude  is  attained  approximately  onc-fourth  of  the 


Calculated  L.,.,  Values  With  Corresponding  Slant  Distances* 

(From  P Schtimcr  and  H.  Homans,  I'scr  Manual  Intenm  PrtHr- 
durp  fur  Planning  Kutary  Ainruft  Traffic  Patfems  and 

Siting  Suisc  Sensitive  land  Uses.  Interim  Ke[K»rl  N-IO  ADA 
03)450  (C'KRI..  Seplenibcr  1Q76J.) 


Average 

Dallv 

Operations 

u. 

StanI  Distance** 

75 

.KKMttOl  m) 

to- too 

70 

750tt(229ni) 

65 

lHOOII(549m) 

75 

400fl(l22m) 

tot-t.so 

70 

1 1(X)  ft  (.135  m) 

65 

2500  0(762  m) 

75 

500  0(1.52  nO 

l5t-20() 

70 

14(XMl(427  ml 

65 

.VXX)  0 (914  m) 

75 

7.50  0 (213  m) 

201 -.too 

■'0 

1800  0 (.549  m) 

65 

4200  0(1281  m) 

♦Table  is  basetl  on  two  assumptions: 

1.  The  percentage  of  nighttime  operations  is  assumvxl  to  be  10. 
Increasing  the  percentage  to  20  or  lowering  it  to  I would  change 
the  noise  impact  by  only  two  1^,  units. 

2.  A typical  ileet  mix  contains  80  percent  UH-ls.  15  percent 
AH  lGs.  and  5 percent  CH-4‘’s.  C hanges  in  this  mix  te  g . 40  per- 
cent  UH-ls.  40  percent  OH  5Ks.  15  percent  AH-ICJs.  and  5 per 
cent  CH-47s)  would  only  affect  the  noise  impact  slightly.  A cruise 
speed  of80  to  90  knots  (148  to  167  km-  hour)  was  used. 

♦•To  draw  contours  bti*  w 65  dB  U,.  it  can  be  estimated  that 
the  Lw-  contour  will  decrease  bv  4 dB  for  everv  doubling  of  slant 
distance.  To  apply  this,  multiply  the  slant  distance  to  the  U-  65 
contour  by  2.3  to  get  the  slant  distance  to  the  U,  60  contour,  Then 
multiply  this  new  distance  by  2.3  to  obtain  the  slant  distance  to 
the  Lj,  55  contour,  etc. 

way  between  500  and  1500  ft  (152  and  456  m)  AGL. 
This  contour  can  then  be  drawn  on  a map.  as  in 
Figure  D20.  to  reflect  the  change  in  ground  distance 
as  the  aircraft  makes  its  ascent  to  a point  where  the 
contour  disappears. 

c.  Zones.  Lhcrc  are  two  types  of /.ones — regular  atid 
airfield.  To  draw  contours  around  regular  /ones, 
merely  plot  the  appropriate  distance  in  fable  1)10 
from  the  edge  of  the  zone  This  buffer  area  w ill  pro- 
vide sufficient  protection  for  moderate  future 
growth.  L,.  values  inside  zones  are  assumed  to  be 
above  75  Ui-.  Activities  around  airfields  are  evalu- 
ated by  the  follow  ing  steps: 

I.  Determine  ground  distance  using  'fable  Dl  1 
and  the  number  of  daily  ojserations. 
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Figure  D19.  Calculating  contours  for  ascents  and  descents  for  Section  7.  Metric  conversion  factor:  I fit  = 
0.3048  m.  (From  P.  Schomer  and  B.  Homans,  User  Manual:  Interim  Prxtcedure  fnr  Planning  Roiary-Wmg 
Aircraft  Traffic  Patterns  and  Siting  Noise-Sensitive  Land  Uses.  Interim  Report  N-10/ADA031450  (CERL. 
September  1976).) 
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Flgiuc  D20.  Calculating  contours  for  ascents  and  descents  for  Section  3.  (From  P.  Schomer  and  B.  Homans. 
User  Manual:  Interim  Procedure  for  Planning  Rotary-Wing  Aircraft  Trqftic  Patterns  and  Siting  Noise-Sensi- 
tive Land  Uses,  Interim  Report  N-I0/ADA03I450  [CERL,  September  1 9761.) 


97 


TabkOK 

Cakulalad  Unaad  Dklaan*  far  /mm 


TabitUII 


I 


(Krofn  P Schiinier  aiut  H Ht>«nanv  %faHuut  tuit-nm  Pn«i- 
Jurf  tur  VUummu  Hatitry-Wmit  Atnf%»tt  iratti*'  ^*ulirnt%  umi/ 
.Viimjf  NtHu‘  Smuiivr  iunj  Inlennt  Kcpticl  N 10  ADA 

<UI450  [C'l  KL.  Scpiemhir  |47hp 


UrMind  DiMaan* 

70 

II 121 1 ml 

(>.S 

17S.SIil.S.VSml 

*Sec  fiM>tno(r  in  Tabic  to  Kct  itriHind  dUtanvo  tor  contimrx 
timer  than  U.  65. 


2.  Plot  contours  by  measuring  this  distan  x 
around  the  edge  of  the  zone  or  from  the  center  ol  the 
corridor. 

The  following  steps  are  used  to  calculate  Section  2 
in  Table  D8. 

1.  There  are  1 15  daily  operations  in  Section  2. 
From  Table  Dll,  the  ground  distance  to  the  70  U. 
contour  is  1058  ft  (322  m). 

2.  Draw  contours  around  the  zone  of  activity. 
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Step  6.  Draw  Contours.  Figure  D2i  shows  a map 
of  the  base  with  70  U.  contours  drawn  according  to 
the  procedures  described  above. 

Airport  Operations 

Noise  from  airport  operations  can  be  traced  to  two 
major  sources;  fixed  wing  aircraft  and  ground  oper- 
ations. Fixed-wing  aircraft  include  both  jet  and  pro- 
peller types.  Noise  commonly  associated  with  the  for- 
mer is  from  jet  exhaust  and  turbo-machinery.  The 
roar  of  the  jet  exhaust  results  from  the  turbulent 
mixing  of  the  high-velocity  exhaust  gases  with  the 
ambient  air  and  varies  with  flow  velocity.  Turbo- 
machinery noise  results  from  turbulence  produced 
by  rotating  blades  in  the  engine.  Propeller  aircraft 
are  either  piston-  or  turbine-powered;  these  generate 
the  most  noise  in  the  flow  of  air  past  the  propeller 
blades.  A secondary  noise  source  is  the  aireraft 
engine,  which  is  dominant  at  typical  take-off  power. 
The  small  fixed-wing  piston  aircraft  are  most  com- 
mon to  Army  facilities. 

The  noise  of  aircraft  flyovers  differs  from  that  of 
ground  operations.  For  the  same  distance,  the  maxi- 
mum noise  levels  produced  during  a ground  oper- 
ation will  be  lower  than  during  a flight  operation  be- 


cause of  ground  absorption,  intervening  buildings, 
and  other  barriers.  However,  because  a ground  oper- 
ation or  run-up  is  a continuous  operation  lasting  for 
several  minutes,  as  opposed  to  an  inlermiltenl  ily-  ' 

over  noise  signal,  the  run-up  may  produce  a much 
higher  SEL  level. 

The  total  expitsiire  from  airport  operations  is  the  I 

summation  of  the  noise  exposure  from  all  operations  { 

of  all  aircraft  on  all  flight  paths  (air  and  grtHind).  In  I 

summary,  the  following  operational  data  are  re-  j 

quired.  j 

1.  Average  daily  number  of  each  aircraft  opera-  | 

tion.  by  daytime  (07(X)-22(K)  hours)  and  nighttime  ' j 

(2200-0700  hours)  periods  j 

2.  Flight  location  | 

3.  Thrust  schedule  for  each  aircraft  operation  , 

I 

4.  Altitude  profile  for  each  aircraft  operation  * 

< 

5.  Noise  level  data  for  each  operation  ‘ .j 

6.  Runway  utilization  percentage  for  each  j 

operation  •; 
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7.  Flight  path  utilization  percentage  for  each 
operation 

8.  Location  and  orientation  of  run-up  pads. 

The  complexity  of  nomal  airpt^rt  v>pcrations  tjcl 
and  propeller  aircraft  activity  as  well  as  ground  oper- 
ations) requires  a computer  program  to  obtain 
accurate  noise  contours  within  a rea.sonable  time 
span."  " The  tiles  of  these  programs  contain  noise 
level  data  for  military  and  civilian  aircraft  and  for 
aircraft  performance  data.  The  computer  pnxluces 
contours  at  5-dB  increments  from  input  data;  if 
desired,  contours  for  a particular  aircraft  may  be  ob- 
tained individually. 

However,  since  Army  fixed-wing  aircraft  oper- 
ations are  not  extensive  and  usually  involve  only 
small  piston  aircraft,  contours  can  be  calculated 
manually  for  some  simple  situations  using  the  prtKe- 
dures  outlined  below. 

Evaluution  Pnjcedure‘* 

This  interim  procedure,  developed  at  CERL.  is  de- 
signed to  roughly  approximate  the  Lw.  contours  from 
small  fixed-wing  aircraft.  For  large  multi-engine 
propeller  or  jet  aircraft  operations,  the  procedures  in 
HUD's  Noi.se  Assessment  Guidelines  can  be  used.'* 

Step  1.  Identify  type  of  aircraft  and  classify  into 
one  of  the  following  groups. 

Group  1— U-21  A.  U-21 F.  OV-1  A.  OV-I B.  OV-  1C 

Group  2— U-6A.  U-8D.  U-8F.  T-42B 

Groups— U-lOA.T-41 

Step  2.  Determine  the  quantity  N for  each  group 
of  aircraft 

N=d-K16.7)n  (EqDI21 


"C.  Bartel.  C.  Couglin,  J.  Moran,  and  L.  Watkins.  Airpiin 
S<Hsr  Reduction  Forecast.  Vol  II.  NEF  Computer  Program  Di- 
scriptitm  and  User  s Manual.  Report  # DOT-TST-75-4  (Depart- 
ment of  Transportation.  1975). 

’’Community  Noise  Exposure  Resulting  From  Aircraft  Oper- 
ations. AMRL-TR-73-10  C Series  (Aerospace  Medical  Research 
Laboratory.  1971). 

'•Predicting  the  Noise  Impact  From  Small  Propeller  Driven 
Fixed-Wing  Aircraft  OperatUms.  Draft  Technical  l-etter  (Office 
of  the  Chief  of  Engineers  |CKE|,  1974). 

”T.  Schultr  and  N.  McMahon.  HUD  Noise  Assessment  Guide- 
lines. BBN  Report  2176(BBN.  August  1971). 

'•Schultz  and  McMahon. 


where  N = number  of  equivalent  operations 

d = number  of  daytime  operations 

(0700-2200) 

n = number  of  nighttime  irperalions  (22UO- 
l)7(K)). 

Each  takeolT  or  landing  is  considered  an  i>per- 
ation.  The  calculations  assume  that  the  number  of 
takeoffs  and  landings  during  the  day  is  equal  to  the 
number  during  the  night.  If  takeoffs  occur  during 
the  day  and  landings  cxxur  at  night,  the  total 
number  of  operations  should  be  considered  as  day- 
time operations  only. 

Step  3.  Determine  the  eflectivc  number  of  oper- 
ations. EN: 

EN  = I 40(40N,  -1- ION,  -t- N.)  |EqDI3| 

where  N,  = number  of  equivalent  operations  for 
Group  I 

N,  = number  of  equivalent  operations  for 
Group  2 

N,  = number  of  equivalent  operations  for 
Group  3 

Step  4.  Determine  which  conditions  apply  to  the 
airport  operations. 

a.  Takeoffs  and  landings  occur  nearly  equally 
on  both  sides  of  the  runway. 

b.  At  least  80  percent  of  all  takeoffs  occur  at 
one  end  of  the  runway. 

Step  5.  Draw  appropriate  contours. 

a.  For  situation  4a.  use  Figure  D22  and  Table 
DI2  to  draw  the  contours;  ihe  columns  headed  hy  a 
"I"  in  Table  DI2  refer  to  the  distance  from  the 
centerline  of  the  runway  to  the  edge  of  the  contours: 
the  columns  headed  by  a "2"  refer  to  the  distance 
from  the  end  of  the  runway  to  the  tip  of  the  contour. 
This  is  illustrated  in  Figure  D22. 

b.  For  situation  4b.  use  Figure  D22  and  Table 
DI  3 to  draw  the  contours.  The  distances  in  the  land- 
ing column  are  used  for  the  runway  end  over  which 
the  landings  occur;  the  distances  in  the  takeoff 
column  arc  used  for  the  runway  end  over  which  take- 
offs occur.  Examples  arc  show  n in  Figure  D23. 
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I Distance  From  Centerline  of  Runway 

I Distance  From  Edge  of  Runway 

( 

t FIgaic  D22.  Construction  of  zone  contours.  (From  T.  Schultz  and  N.  McMahon.  HUD  Noise  Assessment 

[ Guidelines.  BBN  Report  2176  (BBN.  August  1 971 P 
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(From  Prrdicling  ihr  Noise  Impact  From  Small  PmprIIrr  Driven 
Fixed-Wing  Aircraft  Operations.  Draft  Technical  Letter  (OCE. 
19741.) 
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•To  draw  contours  below  65  dB  U..  it  can  be  estimated  that  the 
Lw.  contour  will  decrease  by  4 dB  for  every  doubling  of  distance. 
To  apply  this,  multiply  the  L<.  65  contour  distance  by  2.5  to  get 
the  distance  to  the  L.,  60  contour.  Then  multiply  the  new  distance 
by  2.3  to  get  the  distance  to  the !«,  55  contour,  etc. 


ImpulM  NoIm 

There  are  two  maj  x sources  of  impulse  noise  from 
Army  activities:  blast  and  pistol.  Their  predictive 
procedures  have  been  placed  in  separate  sections. 

Blast  Noise 

Blast  noise  consists  of  artillery  fire  and  shell 
bursts.  Most  blast  sources  are  omnidirectional,  while 
artillery  fire  has  distinct  directional  patterns.  None- 
theless, all  produce  discrete  noises  of  short  duration 
(less  than  I second)  in  which  the  sound  pressure  level 
rises  very  rapidly  to  a high  peak  before  decaying  to 
the  level  of  the  background  noise.  This  is  defined  as 
impulse  noise  and  illustrated  in  Figure  D24.  The 
noise  produced  by  these  blasts  results  from  the  gen- 
eration of  shock  waves  having  peak  pressures  or 
overpressure  often  greater  than  1 psi.  This  overpres- 
sure and  its  corresponding  noise  level  is  a function  of 
the  charge  weight,  meteorological  conditions,  and 
distance  to  observer. 

In  addition  to  the  auditory  effects,  these  large 
amplitude  impulsive  sounds  can  excite  noticeable 
structural  vibration  which  in  turn  may  generate 
additional  annoyance  because  of  “house  rattling" 
and  “startle.”  To  account  for  these,  the  C-weighted 
sound  exposure  level  (CSEL)  is  used  for  assessing  the 
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high  energy  impulse  noise.  C-weighted  sound  levels 
are  obtained  by  using  an  electric  network  in  the 
noise  instrumentation  similar  to  the  A-network.  The 
methods  to  obtain  CSEL  are  otherwise  identical  to 
ASEL.  The  CSEL  is  then  used  to  compute  the  C- 
weighted  1^.  using  Eq  D2. 

Using  the  present  state  of  the  art,  C-weighted  U. 
levels  can  be  interpreted  in  terms  of  annoyance  in 
residential  areas  with  the  sa.me  noise  level  scale 
applicable  for  the  A-weighted  In  addition,  these 
C-weighted  levels  are  added  logarithmically  to 
the  A-weighted  U,  levels  of  other  sources  to  obtain 
composite  noise  exposure  for  an  environment. 

As  with  other  major  sources,  the  two  major  factors 
used  to  determine  blast  noise  exposure  are  noise 
level  and  number  of  operations  during  daytime  and 
nighttime  periods.  However,  determination  of  blast 
noise  level  is  complicated  by  many  operational  fac- 
tors, the  most  significant  being  meteorological  con- 
ditions. Wind  and  temperature  gradients  can  create 


focusing  conditions  which  have  significant  etTects  on 
the  sound  levels  up  to  10  miles.”  “ 

Blast  Soise  Evaluation  Procedurr 

To  determine  the  SEL  of  a single  blast,  shell  burst, 
or  artillen-  firing  event,  the  following  parameters 
must  be  considered; 

1.  Size  of  charge 

2.  Time  history  of  event 

3.  Distance  from  source 

4.  Directivity  pattern 

’■p.  D.  Schomer,  R.  J.  Goff,  and  L Lillie.  The  Siaiuiia  of 
Amplitudr  and  Sprcirum  of  Blast  Propagated  in  ihr  Almntpltrrr. 
Technical  Report  N-I3/ADA0.13475(CERL.  November  1976). 

'•P.  D.  Schomer,  Predicting  Community  Response  lo  Blast 
Noise.  Technical  Report  E-17/ADI 773690  (CERL,  December 
197.3). 
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o.  “pure"  blast 


b.  BLAST  INCLUOH«e  GROUND  REFLECTION 
Figure  D24.  Typical  blast  impulse. 

5.  Frequency  spectrum  of  event 

6.  Wind  speed,  wind  direction,  and  temperature 
at  various  altitudes. 

Since  the  time  involved  to  do  even  a simple 
manual  calculation  is  almost  prohibitive,  CEKL  has 
developed  a computer  program  to  generate  blast 
noise  contours.”'*"  Complete  information  on  this 
program  can  be  obtained  by  contacting: 

U.S.  Army  Construction  Engineering 
Research  Laboratory 

P.O.  Box  4005 

Champaign,  Illinois  61820 

Attn:  ENA 

Pistol  Range 

Although  noise  from  small  arms  such  as  pistols 
and  rifles  is  impulsive  in  nature,  it  has  a signiFicantly 
higher  frequency  and  lower  energy  than  blast  noise. 
Thus,  since  the  event  will  not  have  the  same  effects 
as  blast  noise  (induced  vibrations  and  startle),  the 
A-weighted  noise  pressure  is  a more  appropriate  de- 
scriptor of  the  event  than  the  C-weighted  SEL 


'•P,  D.  Schomer,  Predicting  Community  Hesponsr  to  Blast 
Noise. 

"B.  Homans.  J.  McBryan,  and  P.  Schomer.  User  Manual  for 
the  Acquisition  and  Evaluation  of  Operational  Blast  Noise  Data. 
Technical  Report  E-42/AD#  78291 1 (CERL.  July  1974). 


Figure  U25  presents  ASEl.  values  at  various  dis- 
tances for  a single  pistol  round.  Similar  to  other 
sources,  the  number  and  time  ol  events  must  aKt>  be 
considered  to  determine  the  total  exposure,  ( he  pro- 
cedure is  outlined  below. 

Pistol  Range  Uvaluatitm  PriH'rJurr 

1.  Use  Figure  1)25  to  determine  ASEL  Utr  a single 
round  ol  ammunition  at  a desired  distance,  fhe  line 
bordering  the  top  of  the  fan  shtnild  be  used  since  it 
predicts  worst  case  situations. 

2.  Determine  U.  and  L.,  for  the  total  number  itf 
rounds  from: 

U,  = ASEL  round  10 log, .n  — 35.6  |EqDI4| 

Ltf,  = ASEL/ round  + I0log,o|iv,  + lOivI  -4*14 

lEqDlS) 

where  n = total  number  of  rounds  fired  withtn  a I- 
hour  period 

O,  = number  of  rounds  ftred  in  the  davtime 
|07(X)-220()I 

n.  = number  of  rounds  tired  at  nighttime  > 
12200-0700) 

3.  Adjust  for  other  distances  of  interest  by  using 
Figure  D25  for  these  distances  and  repeating  steps  I 
and  2. 

Example 

At  a pistol  range.  400  rounds  are  Hred  each  htnir 
at  each  of  25  positions.  What  is  the  U,  at  1000  ft 
(300  m)? 

Step  I.  From  Figure  D25  determine  ASEL/ round 
ASEL/ round  = 70 
Step  2.  Compute  U,  from  Eq  DI4 
L,,  = ASEL/round  + 10  log,o  n — .35.6 
= 70  -h  10  log, 0 10000 
= 74.4 
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Flgiira  D2S.  ASEL  predictions  for  a single  round  of  ammunition.  (From  field  data  obtained  by  J.  McBryan. 
CERL.) 


Conclusions 

The  procedures  in  this  appendix  can  be  used  to 
generate  noise  contours  resulting  from  most  Army 
operations.  It  should  be  cautioned,  however,  that 


these  procedures  are  applicable  only  for  simple 
situations.  As  the  complexity  increases,  the  use  of  an 
outside  consultant  will  become  necessary.  These  con- 
tours. nonetheless,  are  an  integral  part  of  the  assess- 
ment procedures  in  the  main  text 
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APPENDIX  E: 

MEASUREMENT  OF  SIMPLE 
NOISE  SOURCES 

Noise  levels  of  a sinjjle  source  or  ot  a general  en- 
vironment should  be  measured  only  under  two  con- 
ditions: 

1.  T he  baseline  information  requin*d  in  the 
Appendix  I)  prediction  miKiels  is  no)  available. 

2.  T he  assessment  is  so  simple  (T  ype  I,  see  p T4) 
that  measurements  would  be  easier  and  more  accur- 
ate than  prediction  models. 

This  appendix  describes  the  instrumentation  and 
outlines  steps  used  in  the  measurement  and  analysis 
prix:ess.  Many  of  the  concepts  herein  are  developctl 
from  a report  by  the  VVyle  Research  Labs.*' 

Basic  Equipment  Specifications 

The  functions  of  measurement  and  analysis  in- 
strumentation are  usually  described  in  terms  of  per- 
formance specifications.  While  there  is  an  extensive 
viK-abulary  for  delining  these  specifications,  many 
are  in  a mathematical  or  detailed  technical  format. 
Since  a basic  undcrstandin){  of  equipment  is  vital  for 
determining  data  reliability,  the  following  terms 
have  been  siniprificd  to  define  these  performance 
specifications. 

Accuracy'’  — The  precision  with  which  the  ou*- 
put  of  a device  actually  represents  the  theoretical 
value  it  is  supposed  to  represent.  The  degree  of  pre- 
cision results  from  a practical  compromise  based  on 
the  measurement  state  of  the  art  and  the  cost  of  pro- 
ducing the  device.  Accuracy  is  commonly  expressed 
in  terms  of  the  range  within  which  the  actual  mc.-is- 
ured  output  falls  as  an  approximation  of  the  true 
environment.  Ideally,  this  accuracy  is  also  specified 
by  its  confidence  limits.  For  example,  the  accuracy 
of  a complete  high  quality  noise  monitoring  system 
might  be  specified  by  a 95  percent  confidence  that 
the  measured  value  is  within  ± I dB  of  the  true 
value. 


**Cammunit\  Soise  Monitortng-  -A  Manuat  for  tmpU'tm’nta- 
turn.  Technical  Repfirt  WR  76-8  (Wylc  Laborattffie^,  July  IQ'^6). 
*^Commumty  Monitoring. 


Frequency  Krsptinse" — fhe  range  of  Irequcncies 
w hich  may  be  processed  by  the  instrument  within  its 
accuracy  sprcilications  Wlten  the  signal  being  pr^*- 
cessed  contains  Ircquencies  outside  this  range,  the 
data  contained  in  these  frequeiKtes  may  he  distorted 
or  otherwise  invalidated  by  the  instrument.  Fre- 
quency respot.se  IS  normally  specified  in  terms  olTlie 
Ireqiicncy  range  tin  Hert/I  within  which  the 
inpuf/ output  amplitude  res|»onse  is  unilomi.  A typi- 
cal range  for  acoustical  iiistrunicntation  is  a uni- 
lomi rcsptmvc.  within  ± 2 dB.  Irom  .VI  H/  lo  I.^.HIO 
11/ 

Dynamic  Range*'  — The  range  ■>!  inptil  notse 
les’cls  which  may  be  measured  accurately  by  an  in- 
strument. I'hc  dynamic  range  may  be  set  lorth  in 
temis  of  the  lowest  and  highest  noise  lesels  which 
may  he  accurately  measured. 

The  "high"  end  of  an  insinimenl's  dynamic  range 
is  limited  hy  distortion.  The  "low”  end  ot  an  instru- 
ment's dvriamic  range  is  esiablished  by  ils  electrical 
noise  level  nr  noise  fiiMir.  This  is  a noise  (voltage) 
which  may  be  measured  at  the  output  of  the  instru- 
ment when  there  is  no  acoustical  signal  present  at 
the  input. 

For  example,  a standard  sound  level  meter  may  be 
provided  with  tlw  following  specifications; 

Dynamic  Range;  .XldB  lo  l20dB 

Meter  Range:  — lOiolOdB 

This  means  that  the  sound  level  meter  will  aecom- 
mixiaie  a range  of  noise  levels  Irom  .M)  dB  to  1 20  dB 
in  20-dB  increments.  Attenuator  switching  is  re- 
quired for  the  indicating  meter  to  measure  this  range 
of  noise  IcscK 

Figure  El  illiisir.Ucs  the  roneepi  as  applied  lo  a 
sound  level  meter.  The  dynamic  range  o1  the  instni- 
mcnl  is  indicated  on  the  right  side  of  the  figure  and 
the  range  of  meter  levels  which  may  be  read  is  illus- 
trated on  the  other  side. 

Environmental  Characlerlfllci*'  — The  extent  lo 
which  an  instrument  will  meet  its  measurement  per- 


.N’fW.vi*  Momtonng . 
**Comotunit\  SoiU'  Monttnring. 
*'Commurfitv  .V»M<r  Momtonng. 
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Figure  El.  Simplified  illustration  of  the  dynamic  range  of  a sound  level  meter.  (From  Community  Noise 
Monitoring — A Manual  for  Implementation.  Technical  Report  WR  76-8  [Wyle  Laboratories.  July  1976).) 


formance  specifications  while  operating  in  an  ad- 
verse physical  environment.  This  is  a significant 
specification  for  equipment  which  must  be  operated 
outdoors  and  left  unattended  for  prolonged  periods. 
Specifications  are  set  forth  in  terms  of  resistance  to 
moisture,  wind,  rain,  salt  spray,  and  temperature  ex- 
tremes. Equipment  is  designed  either  for  outdixir 
use  or  for  laboratory  ojteraiion,  since  application  to 
outdoor  unmanned  sites  can  impose  costly  require- 
ments not  needed  for  laboratory  instruments. 

Measurement  and  Analysis  Instrumentation 

Since  a broad  range  of  equipment  is  available  to 
measure  and  analyze  community  noise,  “instrumen- 
tation systems"  are  frequently  assembled  to  record 


and  analyze  data.  Figure  E2  illustrates  the  basic  con- 
cept of  the  system. 

Sound  Level  Meter 

The  sound  level  meter  (Figure  E3)  is  a portable 
instrument  used  to  measure  noise  levels.  It  may  be 
broken  down  into  the  folinwing  major  elements:  a 
transducer  (microphone)  to  convert  a pressure 
fluctuation  into  an  electrical  voltage;  an  amplifier  to 
raise  the  electrical  signal  to  a usable  level;  a cali- 
brated attenuator  to  adjust  the  amplification  to  a 
value  appropriate  to  the  sound  level  being  measured; 
a meter  to  display  the  measured  level;  weighting  net- 
works to  modify  the  frequency  characteristics  of  the 
response;  an  output  amplifier  and  calibrated  output 
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Sound  Level  Meter 
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Figure  E2.  Concej ' lal  view  of  basic  measurement  swtem. 
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Figure  E3.  Illustration  of  typical  sound  level  meter  elements. 


attenuator:  and  an  output  jack  to  carry  the  signal  to 
additional  instrumentation. 

Sound  level  meters  are  classified  tor  accuracy 
according  to  standard  criteria  developed  by  the 
American  National  Standards  Institute  (ANSI).  As 
shown  below,  four  types  of  instruments  are  identi- 
fied. 

Tjpt  Name  SulUbitlljf  tor  Ann;  Uk 

1 Precision  Long-Term  Monitoring 

2 General  Purpose  General  Environmental  Assessment 

J Survey  Not  Suitable 

S Special  Purpose  Not  Suitable 

Type  2 instrumentation  is  generally  acceptable  for 
assessment  purposes.  An  impulse  sound  level  meter 
is  also  available  with  substantially  more  accuracy  for 
measuring  highly  variable  and  impulsive  sounds. 

General  Guidelines  for  Field  Measurement 

The  following  general  guidelines  are  helpful  for 
obtaining  simple  field  measurements  with  the  sound 
level  meter. 

Identification 

Record  the  time,  date,  operator  and  site  location 
number  on  the  site  data  sheet. 

Measurement  Location  and  Site  Layout 

Sketch  the  site  layout  and  note  its  proximity  to  any 
major  nearby  noise  sources.  Note  all  significant 
dimensions,  topographic  details,  heights  of  source, 
or  presence  of  nearby  reflecting  surfaces.  Also  note 
ground  cover  in  the  immediate  proximity  of  the 
measurement  and  the  position  of  walls  or  fences  be- 
tween any  major  nearby  source  and  the  measure- 
ment location. 

Weather 

Record  the  wind  speed  and  direction,  and,  if  pos- 
sible. temperature  and  humidity.  Note  any  rain, 
snow,  wet  pavement,  sleet,  or  heavy  fog. 

Source  Activity 

Note  general  activity  of  major  nearby  sources. 


Measurement  Instrumentation 

Calibrate  the  instrumcnis  before  and  after  meas- 
urement. 

Check  batteries  before  and  after  measurement. 

Use  a windscreen  for  outdixir  measurements.  If 
possible,  curtail  measurement  when  wind  velocity 
exceeds  approximately  10  mph  (16  km/hr). 

Set  instrument  so  that  during  measurements,  the 
readings  are  made  as  near  mid-scale  as  possible. 

Specific  Measurement  Procedures'* 

This  section  provides  sound  level  meter  proce- 
dures used  to  measure  and  analyze  the  tollowing 
sources: 

Single-event  noise  sources  (vehicle  passbys) 

Multi-event  noise  stnirces  (construction  sites, 
industrial  sources,  etc.) 

General  acoustic  environment  (no  specific  source). 

These  procedures  are  not  applicable  for  the  meas- 
urement of  impulsive  noi.se. 

Single  Event  Noise  Source 

These  procedures  are  used  mainly  for  vehicle 
passbys. 

1.  Fill  in  all  applicable  parts  of  the  noise  survey 
data  log  (Figure  E4). 

2.  Locate  the  microphone  1.2  m (4.0  ft)  above 
ground  level,  preferably  on  a triptxl  and  at  least  6 m 
(20  ft)  from  any  large  reflectii.g  surfaces,  f'he  source 
and  microphone  should  be  close  enough  so  that  the 
source  is  clearly  audible,  but  no  closer  than  .SO  ft  (LS 
m). 

3.  Set  the  sound  level  meter  to  the  A-weighting 
and  fast  response. 


^’’Community  Soise  Monitorinfi — A Manual  for  tmptemenla- 
tion.  Technical  Report  WR  7(.-8  (Wyle  Laboratories.  July 
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4.  Observe  the  sound  level  meter  durin);  each 
event  and  mark  the  maximum  level  in  the  appropri- 
ate 2-dB-wide  noise  level  band  on  the  data  log. 

5.  Measurements  should  not  be  made  when  noises 
from  extraneous  sourees  are  not  ai  least  h dB  below 
the  levels  of  the  source  of  interest. 

6.  After  all  events  have  been  measured,  count  the 
number  for  occurrences  within  each  2-dB  noise  band 
and  write  the  number  in  the  “Total"  column  on  the 
right  side  of  Figure  E4.  The  data  can  then  be  anal- 
yzed according  to  priK-ediires  in  the  Data  Analysis 
section  at  the  bottom  of  this  page. 

M ultiple  Event  Single  Noise  Source 

This  procedure  is  used  for  such  sources  as  con- 
struction sites,  combat  vehicle  maneuvers,  industrial 
operations,  etc. 

1.  Fill  in  all  applicable  parts  of  the  data  log  (Fig- 
ure E4). 

2.  Locate  the  microphone  1.2  m (4  ft)  above 
ground  level,  preferably  on  a trip(xl  and  at  least  6 m 
(20  ft)  from  any  large  reflecting  surfaces.  I'he  source 
and  the  microphone  should  be  close  enough  that  the 
source  is  clearly  audible  but  no  closer  than  50  ft  (15 
m). 

3.  Determine  directionality  by  walking  around 
the  source  at  a fixed  distance  and  listening  for  any 
variations  in  the  sound  level.  A noise  source  is  said  to 
be  directional  if  it  radiates  considerably  more  sound 
energy  in  one  direction  than  another.  Conversely,  a 
uniformly  radiating  source  would  have  a sound  field 
surrounding  it  that  does  not  depend  on  angle.  For 
uniformly  radiating  sources,  only  a few  measure- 
ments (theoretically  only  one)  at  a specified  distance 
should  then  be  required  to  adequately  describe  the 
source.  For  a directional  source,  measurements 
should  be  taken  in  the  loudest  Iwation  and  used  as  a 
worst  case. 

4.  Set  the  sound  level  meter  to  A-weighting  and 
fast  response. 

5.  Record  the  exact  time  that  the  sample  will 
start,  and  plan  for  a time  when  if  should  end.  ( The 
measurement  should  be  at  least  10  minutes.) 

6.  During  the  sample  periixl,  record  the  inslan- 


laneoiis  nieier  reading  every  15  seconds  in  the  ap- 
propriate 2-dB-w'ide  noise  band  shown  in  Figure  1-4. 
For  nioa‘  accuracy,  meter  readings  may  be  recordetf 
at  intervals  less  than  1 5 seconds. 

7.  At  the  end  of  each  sampling  iK'riiKl.  count  the 
number  of  iK’currences  within  each  2-dB  noise  bund 
and  write  the  number  in  the  "Total"  column  on  the 
right  side  of  Figure  H4.  Record  the  concluding  lime 
of  the  sample  in  the  upper  lefthand  corner  box.  The 
data  can  then  be  analyzed  according  to  procedures 
in  the  Data  Analysis  section  at  the  bottom  of  this 
page. 

The  Genera!  Outdoor  Acoustic  Environment 

This  procedure  is  used  to  determine  data  for  use 
in  the  Type  I NF{D  analysis  in  Chapter  3 (Table  13). 

1.  Fill  in  all  applicable  parts  of  the  data  log  (Fig- 
ure E4). 

2.  Lix-ate  the  microphone  1.2  m (4  ft)  above 
ground  level,  preferably  on  a tripod  and  at  least  6 m 
(20  ft)  from  any  large  reflecting  surfaces. 

3.  Set  the  sound  level  meter  to  A-weighting  and 
slow  response. 

4.  Record  the  exact  time  that  the  sample  will 
start,  and  plan  for  a time  when  it  should  end.  The 
measurement  should  be  at  least  20  minutes. 

5.  During  the  sample  period,  record  the  instan- 
taneous meter  reading  every  15  seconds  in  the  appro- 
priate noise  band  showii  in  Figure  E4.  For  more 
accuracy,  meter  readings  may  be  recorded  at  inter- 
vals less  than  1 5 seconds. 

6.  At  the  end  of  each  sampling  pericxl.  count  the 
number  of  ixrcurrcnces  within  each  2-dB  noise  band, 
and  write  the  number  in  the  "Total"  column  on  the 
right  side  of  Figure  E4.  Record  the  concluding  time 
of  the  sample  in  the  upper  left-hand  corner  box.  The 
data  can  then  be  nalyzed  according  to  procedures 
discussed  in  the  Data  Analysis  Section. 

Data  Analysis 

Raw  data  from  field  measurements  can  be  ana- 
lyzed by  either  statistical  levels  (L,o.  L»o.  Uo)  or 
energy  levels  (L,  and  !.«,). 


IK) 


Number  of  Readings 


Figure  E4.  Noise  survey  data  log.  (From  Community  Noise  Monitoring — A Manual  for  Implementation.  Tech- 
nical Report  WR  76-8  [Wyle  Laboratories,  July  19761.) 
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The  statistical  levels  apply  to  only  the  single-event 
sources  and  can  be  obtained  by  using  the  following 
processes: 

For  Lio  (the  level  exceeded  10  percent  of  the  time 
or  the  level  exceeded  by  10  percent  of  the  sources), 
count  down  from  the  top  of  the  tally  sheet  or  use  the 
cumulative  column  until  10  percent  of  the  total 
count  has  been  reached.  The  noise  level  correspond- 
ing to  this  number  is  the  Lio  level.  Interpolate  if 
necessary.  Similarly,  for  Uo  (the  level  exceeded  90 
percent  of  the  time  or  the  level  exceeded  by  90  per- 
cent of  the  sources),  count  down  from  the  top  of  the 
tally  sheet  or  use  the  cumulative  column  until  90  per- 
cent of  the  total  count  has  been  reached.  The  noise 
level  corresponding  to  this  number  is  the  L90  level. 

The  procedure  can  be  repeated  to  obtain  any  other 
L,  parameter.  The  results  can  be  used  as  the  A- 
weighted  noise  level  (AL)  of  individual  sources  to  be 
inserted  directly  into  the  prediction  models.  (The  Uo 
criterion  is  recommended  for  use  as  AL.) 

The  energy  levels  (U-  and  L,,)  apply  to  two  sets  of 
measurements  (outdoor  and  multi-event  sources) 
and  can  be  obtained  by  using  the  equations  below; 

n 

U,  = lOlog.0  E 5,10*"^'”/.^  dB  lEqEl] 
i=l 

where  n = the  total  number  of  noise  bands 

S,  = the  number  of  occurrences  in  the  i'* 
band 

U = the  noise  level  representing  the  i'*  band. 
U,  = 10  log.o  1/24  [15(10)*"^'”  -1-9(10)"^ 

lEq  E21 

where  U = U,  for  all  measurements  taken  during 
the  day  (0700-2200) 

U = U,  for  all  measurements  taken  at  night 
(2200  and  0700). 

The  U,  and  U..  values  calculated  for  individual 
sources  can  be  used  directly  in  the  Appendix  D pre- 
diction models.  The  U,  and  Lf,  values  calculated  for 
a general  environment  can  be  used  to  satisfy  legal 
and  technical  requirements,  to  verify  contours,  or  to 
conduct  the  NED  analysis  in  Chapter  3. 

Example 

Find  the  Uo  level  from  the  data  sheet  in  Figure 
E4. 


Step  I . The  Uo  level  is  the  level  cxccctlcd  50  |h.t- 
ccnl  of  the  time  or  the  level  exceeded  by  50  percent 
of  the  number  of  iKcurrences.  Since  there  is  a total 
of  50  counts.  Uo  is  determined  from  the  25'*  count. 

Step  2.  Locate  the  25th  count  and  its  correspond- 
ing noise  level  in  Figure  E4. 

28  counts -61  dBA 
19  counts- 59  dBA 

Step  3.  Interpolate. 

Since  the  25th  count  occurs  between  59  and  61 
dBA,  Uo  can  be  approximated  to  60  dBA. 

Example 

Find  the  U,  level  from  the  data  sheet  in  Figure  E4. 

Step  1.  Complete  the  format  in  Table  El. 

Tabic  El 


Fonnat  for  Computing  U,  From  Mcacuicmcnl  Data 


Midpoint 

L 

L/10 

10 

s. 

L/IO 

S.>10 

71 

12590000 

1 

1259  0000 

69 

7940000 

1 

794  0000 

67 

5010000 

2 

1002  0000 

65 

3160000 

5 

1580  0000 

63 

2000000 

10 

2000  0000 

61 

1260000 

9 

11.14  0000 

59 

800000 

9 

720  0000 

57 

500000 

8 

4a)  (KHX) 

55 

32(XKX) 

5 

IbOaXMl 

Total 

1:50 

i;  9049  oaio 

Step  2.  Compute  U,  from  the  format  above  and 
EqEl: 


n n 

U,  = 10log,o  E S.-IO^""”/  E S.dBIEqEll 
i = l i = l 

U,  = 10  log.o  = 62.6  dB 

Conclusions 

These  measurement  procedures  can  only  be  used 
in  simple  situations.  For  detailed  measurements  of 
complex  .sources  and/or  long-term  monitoring,  the 
process  becomes  so  complex  that  expert  assistance  is 
recommended. 
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APPENDIX  F: 

ASSESSING  VIBRATION 

While  structural  vibration  may  be  caused  by  air- 
borne sound  or  groundborne  waves,  most  problems 
can  be  traced  to  blast  noise  where  the  response  is  a 
side  effect  of  the  auditory  stimulus.  Here  the  elYects 
of  both  these  waves  can  usually  be  accounted  for  the 
C-weighted  U.  analysis  (Appendix  D).  Nonetheless, 
it  is  sometimes  necessary  to  separately  assess  the  vi- 
bration caused  by  blasts  as  well  as  other  sources. 

While  techniques  for  measuring,  predicting,  and 
assessing  vibration  are  not  as  advanced  as  those  for 
noise,  this  appendix  presents  the  best  available 
method  to  evaluate  both  the  resultant  human  and 
structural  response.  Because  of  its  complexity,  this 
analysis  should  only  be  undertaken  by  personnel 
with  strong  scientific/engineering  backgrounds.  As 
more  information  in  this  area  becomes  available,  it 
will  be  presented  in  future  publications.  Many  con- 
cepts in  this  appendix  are  based  on  the  work  of 
CHABA."’ 

Measurement 

Because  of  the  multiple  parameters,  there  is  no 
universal  prediction  methodology  for  vibration.  As  a 
result,  all  assessments  must  be  based  on  measure- 
ments. For  continuous  vibration  environments,  RMS 
(root  mean  square)  acceleration  levels  should  be 
measured  along  three  orthogonal  axes,  one  of  which 
is  normal  to  the  surface  of  interest.  The  measure- 
ment should  be  taken  on  the  floor,  at  the  mid-span, 
or  in  the  center  of  the  room.  In  addition,  the  weight- 
ing in  Figure  FI  should  be  applied  to  the  vibration 
signal  to  account  for  the  dependence  of  human  re- 
sponse on  frequency.  This  electronic  network  only 
considers  energy  between  1 and  80  Hz. 

For  impulsive  shock,  the  procedure  is  similar, 
except  that  the  peak  value  (not  the  RMS  value)  is 
used. 

Human  Response  Criteria*” 

Table  FI  summarizes  criteria  to  evaluate  human 


"Guidelines  far  Preparing  Environmental  Impact  Statements 
on  Noise,  Draft  Report  of  CHABA  Working  Group  Number  69 
(Committees  on  Hearing  and  Statistics.  Feburary  1977). 

"Guidelines  far  Preparing  Environmental  Impact  Statements 
on  Noise. 


response  to  vibration.  It  is  compiled  from  existing 
and  proposed  standards  and  uses  measurements  ob- 
tained from  the  previous  section.  This  table  can  be 
used  in  conjunction  with  Figure  F2  to  quantify  the 
impact  from  excessive  vibration,  in  this  figure,  the 
number  of  complaints  per  residential  area  roughly 
increases  with  peak  acceleration  according  to: 

tt  = 20  log  K (Eq  FI ) 

where  # = the  number  of  complaints 

K = the  ratio  of  peak  acceleration  to  a refer- 
ence of  0.1  m/sec'. 

If  this  concept  is  broadened  by  defining  K as  the 
ratio  of  actual  vibration  to  the  criteria  in  Table  FI,  a 
vibration  weighting  function  can  be  defined  by 

V(K)  = 20logK  |EqF2| 

where  V(K)  = the  vibration  weighting  function 

K = the  ratio  of  the  actual  acceleration  to 
the  recommended  criterion  in  Table 
FI. 

A quantitative  description  of  the  total  vibrational 
impact  of  a project  can  now  be  obtained  by  multiply- 
ing the  number  of  people  exposed  to  each  vibrational 
condition  by  the  V(K)  for  that  condition.  Specifi- 
cally, 

n 

VWP  = E P,V,  |Eq  F31 

i = l 

where  VWP  = vibration  weighted  population 

V,  = vibration  weighting  for  the  i'*  vibra- 
tion increment 

P,  = population  exposed  to  the  i'”  vibra- 
tion increment 

n = number  of  increments. 

Similarly,  (he  average  annoyance  per  person 
(VWP)  can  be  computed  by 

n n 

VWP  = L P,V,/  L P |Eq  F4| 

i=l  i=l 

While  VWP  is  only  an  abstract  term,  it  represents 
an  index  similar  to  LWP  and  PHL  (Chapter  2)  in 
that  it  provides  a practical  measure  of  the  vibration's 
effects.  Changes  in  VWP  can  be  used  to  evaluate 
various  alternatives  and  actions;  i.c.,  one  project  hits 
twice  as  much  impact  as  another,  etc. 


II.) 


Attenuation  In  Decibels 


FIgan  FI.  Recommended  frequency  weighting  of  building  vibration  to  account  for  human  response.  (From 
Guidelines  for  Preparing  Environmental  Impact  Statements  on  Noise.  Draft  Report  of  CHABA  Working 
Group  Number  69  [Committees  on  Hearing  and  Bioacoustics,  February  19771.) 
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Table  FI 

Haman  Rciponac  Criteria  for  Vibrallaa 

(From  Guidelines  for  Preparinft  iCnvininmental  Impael  Slutements  im  Notse,  Draft 
Report  of  CHABA  Working  Group  Number  69  |Committee\  on  Hearing  and  Buv 
acoustics.  February  |.) 


I 

Cemplelal  Criteria  |m/iac‘| 

CoallBBOMor 

ImpoWre  Sbach 

latermlltenl  ims 

Excllaliaa  Peak 

1 

Type  of  Place 

Time 

Accrienthm 

Acceleraliea 

Hospital  operating 
rooms  and  other 

Day* 

.00.16 

.005 

1 

such  critical  areas 

Night 

.0036 

.005 

k 

« 

Residential 

Day 

.072 

.1 

V 

y/t 

v-N 

Night 

005 

.01 

1. 

1 

Office 

Anytime 

.14 

.2 

>/t 

v'N 

Factory  and 

Anytime 

.28 

.4 

workshop 

VT 

•Daytime  is  07(X)-2200  hours;  nighttime  is  22(X)-07(X)  hours, 
t = time  in  seconds  up  to  1(X)  seconds.  Times  greater  than  100  seconds  should 
use  100  seconds. 

N = the  number  of  discrete  shock  excitations  that  are  I second  or  less  in  dura- 
tion. For  number  of  excitations  greater  than  1(X),  use  N = 100. 


Example 


Table  P2 

Format  for  Compadng  VWP 


Quantify  in  VWP  the  impact  of  a source  which 
when  measured  at  night  has  the  following  RMS 
acceleration  values  in  various  homes. 


Level  (L) 
m/aec’ 

Number  of 
hornet 

Number  of 
people  exposed 

.008 

2 

10 

.01 

1 

3 

.05 

2 

6 

Level  (L) 
m/iec’ 

V(K) 

People 

(P.» 

P.V, 

.008 

4 

10 

40 

.01 

6 

3 

18 

.05 

20 

6 

120 

Total 

EP, 

19 

EP.V,  178 

Step  1.  From  Table  FI,  the  recommended  cri- 
terion at  night  in  residential  areas  is  .005.  Thus, 
from  Eq  F2 

V(K)  = 20  log,„(L/.005)  [Eq  F2] 

Step  2.  Complete  the  format  as  shown  in  Table  F2: 


Step  3.  Quantify  the  impact: 

VWP  = 178 

VWP  = 178/19  = 9.4 

These  numbers  can  now  be  used  to  quantify  the 
vibrational  impact  of  this  activity. 


1.0 


Percent  Complaints 


Flfwc  F2.  Percent  complaints  from  one  vibration  exposure.  (From  Guidelines  for  Preparing  Environmental  ] 

Impact  Statements  on  Noise,  Draft  Report  of  CHABA  Working  Group  Number  69  (Committees  on  Hearing  i 

and  Bioacoustics,  February  1977].)  | 


M6 


Structural  Oamaga  Critaria 


Continuous  Sounds 


Normally  the  parts  of  a structure  must  sensitive  to 
airborne  waves  or  overpressure  are  the  windows, 
followed  by  plastered  walls  and  ceilings.  When  the 
levels  are  high  enough,  these  eflects  shixild  be 
evaluated,  as  well  as  possible  structural  damage.  The 
following  prtK'cdurcs  arc  presented; 

Blast  Noise/ Artillery  Fire*'' 

For  blast  noise,  window  breakage  in  residential- 
type  structures  is  expected  to  be  negligible  (less  than 
50  percent  probability  of  even  one  broken  pane)  if 
the  total  weight  (kilograms)  of  high  explosives  used 
in  a single  event  is  less  than  40  R’,  where  R is  the 
distance  in  kilometers  to  the  nearest  group  of  resi- 
dences. For  explosive  charges  greater  than  this 
criterion,  the  peak  overpressure  should  be  pre- 
dicted’®  *'  and  the  number  of  broken  windows  esti- 
mated from: 

0 = 4.2  X 10  -“  N (PK)'  '■  lEq  F5] 

where  0 = statistical  estimator  for  the  number  of 

“average  typical"  broken  panes 
N = number  of  people  exposed,  assuming 
19  panes/person 

PK  = {leak  overpressure  in  pascals. 

The  quantity  N can  be  obtained  by  drawing  a con- 
tour around  the  source  on  land-use  maps  and  count- 
ing homes  within  the  contour.  The  radius  of  this  con- 
tour. R,  is  defined  by: 

R = (wt  in  kg/40)''>  [Eq  Fb] 

Whenever  the  peak  overpressure  exceeds  140  dB, 
structural  damage  other  than  broken  windows  may 
occur  and  a statement  to  this  effect  should  be 
included  in  the  EIA/EIS. 


‘•P.  D.  Schotner,  R.  J.  Goff,  and  L.  Little,  The  Statistics  of 
Amplitude  and  Spectrum  of  Blasts  Propagated  in  the  Atmos- 
phere. Technical  Report  N-I3/ADA03.M75  (CERL,  November 
1976). 

-"P.  D.  Schomer,  Predicting  Community  gesponsc  to  Blast 
Noise.  Technical  Report  E- 1 7/ AD#  773690  (CERL,  December 
1973). 

*'Thc  Statistics  <»)  Amplitude  and  Spectrum  of  Blasts  Propa- 
gated in  the  A tmosphere. 


For  low-  and  medium-frequency  sounds  whose 
sound  pressure  levels  exceed  1 30  dB.  there  is  the  pos- 
sibility of  structural  damage  due  to  excitation  of 
structural  resonances.  While  certain  frequencies 
(such  as  .30  Hz.  for  window  breakage)  might  be  of 
more  concern  than  others,  a reasonable  estimate  of 
possible  structural  damage  is  to  regard  all  sound 
lasting  more  than  I second  above  a sound  pressure 
level  of  130  dB  (I  Hz  to  1000  Hz)  as  potentially 
damaging. 

General 

It  is  recommended  that  an  acceleration  of  I 
m/sec-  be  the  general  criterion  with  respect  to  struc- 
tural damage  for  this  category,  in  addition,  since 
minor  damage  has  occasionally  been  reported  at 
levels  as  low  as  0.5  m/sec',  accelerations  in  this 
range  (0.5  m/sec-  to  1 m/sec’)  should  also  be 
regarded  as  potentially  adverse.  Finally,  vibrations 
affecting  ancient  monuments  or  ruins  should  not 
have  acceleration  levels  exceeding  0.05  m/sec’. 
Higher  noise  exposures  to  such  ancient  structures 
should  not  be  considered  safe  without  a detailed 
structural  analysis. 

General  Vibration  Assessment  Guideiines 

While  there  is  a general  lack  of  data  for  assessing 
the  severity  of  impact  when  the  vibration  criteria 
(both  human  and  structural)  are  exceeded,  it  is 
recommended  that  the  information  below  be 
included  in  the  EIA/EIS. 

Number  of  people  exposed  to  vibration  levels 
above  the  complaint  criteria  in  Table  FI. 

Number  of  potential  broken  windows  from  EqF5. 

Number  of  structures  exposed  to  potentially 
damaging  acceleration  levels  of  I m/sec'  and  0.5 
m/sec^ 

To  obtain  this  information,  the  following  steps  are 
recommended. 

Step  1.  Prepare  land-use  maps  of  the  area  in  ques- 
tion, using  the  procedures  listed  in  Chapters  2 and  3. 

Step  2.  Using  the  same  scale  as  the  land-use  map, 
draw  on  a transparent  sheet  (he  following  contours 


I 


(which  can  be  obtained  either  by  prediction  or  meas- 
urement): 


1.  For  probable  structural  damage — I m/sec’ 

2.  For  possible  structural  damage — 0.5  m/sec' 

3.  Annoyance  criteria  (Table  FI) 

4.  For  a possible  broken  window — the  quantity  R 
(Eq  F6) 

Step  3.  Overlap  the  contour  onto  the  land-use 
map. 

Step  4.  Tabulate  and  list  the  following  in  the 
EIA/EIS: 


1.  Number  of  structures  where  exposure  level  ex- 
ceeds 1 m/sec' 

2.  Number  of  structures  where  exposure  level  is 
between  0.5  and  1.0  m/sec’ 

3.  Number  of  people  within  R 

4.  Number  of  people  exposed  to  criteria  in 
Table  FI. 

Step  5.  Compute  and  list  the  following  in  the 
EIA/EIS: 

1.  VWP  and  VWP  from  data  in  Step  4 (include  in 
appendix  of  EIA/EIS) 

2.  The  number  of  “expected"  broken  windows 
from  R and  Eq  F5  (Point  3 of  EIS  guidelines). 
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